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T h e  L e g a c y  o f  R i c h a r d  
B e l l m a n  . . .  o r  H o w  
t o  R e t i r e  E a r l y  t h e  
E c o n o m i c  W a y  
D  i c h a r d  B e l l m a n  w a s  o n e  o f  A m e r i c a ' s  g r e a t e s t  a p p l i e d  m a t h e m a t i -
. r \ . c i a n s .  H e  w a s  a s s i g n e d  b y  t h e  A r m y  t o  t h e  M a n h a t t a n  p r o j e c t  a t  L o s  
A l a m o s  d u r i n g  W o r l d  W a r  I I .  H e  r e c e i v e d  h i s  P h D  f r o m  P r i n c e t o n  i n  1 9 4 6  
w h e n  h e  w a s  t w e n t y - f i v e ,  a n d  w o r k e d  i n  t h e  D e p a r t m e n t  o f M a t h e m a t i c s  
a t  P r i n c e t o n  f r o m  1 9 4 6 - 1 9 4 8 .  I n  1 9 4 9  h e  j o i n e d  S t a n f o r d  a s  a n  a s s o c i a t e  
p r o f e s s o r .  H e  w o r k e d  f o r  t h e  R A N D  C o r p o r a t i o n ,  a n d  l a t e r  r e t u r n e d  t o  
S t a n f o r d .  W h e n  h e  d i e d  i n  1 9 8 4 ,  h e  l e f t  a  s p i r i t e d  a u t o b i o g r a p h y ,  E y e  i f  t h e  
H u r r i c a n e ,  w h e r e i n  h e  w r i t e s  a b o u t  h i s  c h i l d h o o d  i n  B r o o k l y n  a s  w e l l  a s  h i s  
m o s t  i m p o r t a n t  y e a r s  o f  d i s c o v e r y ,  t h e  e a r l y  1 9 5 0 s .  A l t h o u g h  h e  p u b l i s h e d  
o v e r  6 0 0  p a p e r s ,  4 0  b o o k s ,  a n d  c o l l e c t e d  m a n y  h o n o r s  a n d  a w a r d s ,  h i s  
m o s t  p r o l i f i c  i n v e n t i o n  w a s  w h a t  h e  c a l l e d  " d y n a m i c  p r o g r a m m i n g "  a n d  
t h e  a s s o c i a t e d  " B e l l m a n  e q u a t i o n . "  
B e l l m a n  w a s  a t t r a c t e d  t o  a p p l i e d  m a t h e m a t i c s .  H i s  a p p r o a c h  t o o k  
i n s p i r a t i o n  f r o m  p r a c t i c a l  p r o b l e m s ,  a n d  h e  o n c e  p o i n t e d  o u t  t h a t  h i s  
a i m  w a s  " t o  d e s c r i b e  s o m e  o f  t h e  w a y s  t h a t  t h e  p r o b l e m s  o f  t h e  m o d e r n  
w o r l d  p r o v i d e  i n t e r e s t i n g  m a t h e m a t i c a l  q u e s t i o n s  a n d  o p e n  u p  e n t i r e l y  
n e w  d o m a i n s  o f  m a t h e m a t i c s  . . . .  t h e  g r o w t h  o f  v i t a l  m a t h e m a t i c s  d e p e n d s  
c r u c i a l l y  o n  c o n t i n u i n g  i n t e r a c t i o n  w i t h  t h e  r e a l  w o r l d "  ( 3 4 ) .  
H e  s p e n t  t w e l v e  y e a r s  w o r k i n g  f o r  t h e  R A N D  C o r p o r a t i o n .  H e  
d e s c r i b e s  h o w ,  d u r i n g  t h e  s u m m e r  o f 1 9 4 9  a t  R A N D ,  h e  d e c i d e d  t o  n a m e  
h i s  m o s t  i m p o r t a n t  p r o j e c t ,  d y n a m i c  p r o g r a m m i n g .  
I n  t h e  f i r s t  p l a c e  I  w a s  i n t e r e s t e d  i n  p l a n n i n g ,  i n  d e c i s i o n  m a k i n g ,  
i n  t h i n k i n g .  B u t  p l a n n i n g  i s  n o t  a  g o o d  w o r d  f o r  v a r i o u s  r e a s o n s .  I  
d e c i d e d  t h e r e f o r e  t o  u s e  t h e  w o r d ,  " p r o g r a m m i n g . "  I  w a n t e d  t o  g e t  
a c r o s s  t h e  i d e a  t h a t  t h i s  w a s  d y n a m i c ,  t h i s  w a s  m u l t i s t a g e ,  t h i s  w a s  
t i m e - v a r y i n g - !  t h o u g h t ,  l e t ' s  k i l l  t w o  b i r d s  w i t h  o n e  s t o n e .  L e t ' s  
t a k e  a  w o r d  t h a t  h a s  a n  a b s o l u t e l y  p r e c i s e  m e a n i n g ,  n a m e l y  d y n a m i c ,  
i n  t h e  c l a s s i c a l  p h y s i c a l  s e n s e .  I t  a l s o  h a s  a  v e r y  i n t e r e s t i n g  p r o p e r t y  
a s  a n  a d j e c t i v e ,  a n d  t h a t  i s  i t ' s  i m p o s s i b l e  t o  u s e  t h e  w o r d ,  d y n a m i c ,  
i n  a  p e j o r a t i v e  s e n s e .  T r y  t h i n k i n g  o f  s o m e  c o m b i n a t i o n  t h a t  w i l l  
p o s s i b l y  g i v e  i t  a  p e j o r a t i v e  m e a n i n g .  I t ' s  i m p o s s i b l e .  T h u s ,  I  t h o u g h t  
d y n a m i c  p r o g r a m m i n g  w a s  a  g o o d  n a m e .  I t  w a s  s o m e t h i n g  n o t  e v e n  
a  C o n g r e s s m a n  c o u l d  o b j e c t  t o .  S o  I  u s e d  i t  a s  a n  u m b r e l l a  f o r  m y  
a c t i v i t i e s .  ( 1 5 9 )  
C I J a n  ' R . ! ! y e r ,  c . A " s s o c i a t e  
P r o f e s s o r  a n d  [ h a i r  o f  t h e  
C I J e p a r t m e n t  o f W r i t i n g ,  
t e a c h e s  w o r k p l a c e  a n d  
t e c h n i c a l  w r i t i n g ,  a s  w e l l  a s  
d o c u m e n t  p r o d u c t i o n  a n d  
d e s i g n .  ' T h i s  e s s a y  s t e m s  f r o m  
p r e l i m i n a r y  r e s e a r c h  f o r  
h i s  2 0 0 9  s a b b a t i c a l  p r o j e c t ,  
" ' T h e  C J ? . ! J e t o r i c  i f : F i n a n c i a l  
P l a n n i n g :  C I J i s c o n n e c t e d  
C I J i s c o u r s e  C o m m u n i t i e s . "  
: f O r  t h e  p a s t  y e a r ,  C I J a n  
h a s  b e e n  d o i n g  t e c h n i c a l  
w r i t i n g  a n d  d o c u m e n t  
d e s i g n  f o r  E J P l a n n e r ,  I n c .  
t h e  c J W a s s a c h u s e t t s  c o m p a n y  
t h a t  s e l l s  t h e  s o f t w a r e  
d i s c u s s e d  i n  t h i s  e s s a y .  
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1 Graduate students 
in Economics 
routinely study the 
uses of dynamic 
programming 
using MATLAB 
software or similar 
applications. 
The word "planning" occurred to him, no doubt, because his work 
addressed the process of solving problems where one needs to find the 
best decisions one after another. Mathematicians nowadays would describe 
dynamic programming as a method of solving problems exhibiting the 
properties of"overlapping sub-problems" and "optimal substructure." 
We all intuitively use dynamic programming when we figure out when 
we should leave home for a meeting at work. We work backwards from the 
time of the appointment. We think: the appointment is at 2:00, I need to 
stop at my office, which will take 15 minutes, and I need to get gas, which 
adds another 10 minutes. Add that to my thirty-minute commute, there's 
construction on the highway-I should leave here by 1:05. 
We can think about the decision-making process of how to drive to 
work as a series of sub-problems to solve. Which of the three entrances 
to campus should I use? (It depends on whether or not I arrive on the 
three-quarter hour when traffic is the worst.) Should I use Lake Michigan 
Drive or Linden Road? (It depends on my mood.) Should I use the inter-
state or two-lane? (It depends on whether or not the road construction 
is complete.) The way you solve the very last problem in the sequence 
depends on how you solve the one before it. We could work out in advance 
a large number of complete solutions accounting for all contingencies to 
the entire set of problems and map the possibilities, or we could solve the 
last problem first (I'll use the south entrance because I will arrive at 9:45) 
and solve earlier problems as we go, letting our last solutions determine 
the amount of precision needed to solve the earlier problems. This appli-
cation of dynamic programming is in fact how rocket scientists land a 
spaceship on the moon. 
Bellman's use of the term programming is more like the term planning 
than it is like anything we associate today with computer programming. 
When we look at the evening's music program, we are seeing the plan for 
the concert laid out before us. That's the sense of this word "program" as 
Bellman is using it, and as he points out above, "dynamic" denotes that 
the planning also includes multiple stages across varying time periods and 
decision-making junctures. 
This simple example may trivialize the mathematical complexity 
that dynamic programming addresses. A more formal definition would 
point out that dynamic programming uses recursive methods for solving 
sequential decision making problems under conditions of uncertainty. John 
Rust has written that "dynamic programming has enabled economists to 
formulate and solve a huge variety of problems involving sequential deci-
sion making under uncertainty, and as a result it is now widely regarded 
as the single most important tool in economics" (1). 1 
Bellman would be disappointed to learn that one particular area of 
applied mathematical activity-a realm chock-full of planning, decision-
making, and thinking a 
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e  o n e  n e e d s  t o  f i n d  t h e  
L O w a d a y s  w o u l d  d e s c r i b e  
J r o b l e m s  e x h i b i t i n g  t h e  
J t i m a l  s u b s t r u c t u r e . "  
v h e n  w e  f i g u r e  o u t  w h e n  
r o r k  b a c k w a r d s  f r o m  t h e  
1 e n t  i s  a t  2 : 0 0 ,  I  n e e d  t o  
I  n e e d  t o  g e t  g a s ,  w h i c h  
n i n u t e  c o m m u t e ,  t h e r e ' s  
· e  b y  1 : 0 5 .  
J c e s s  o f  h o w  t o  d r i v e  t o  
h .  o f  t h e  t h r e e  e n t r a n c e s  
r  o r  n o t  I  a r r i v e  o n  t h e  
u l d  I  u s e  L a k e  M i c h i g a n  
)  S h o u l d  I  u s e  t h e  i n t e r -
> t  t h e  r o a d  c o n s t r u c t i o n  
r o b l e m  i n  t h e  s e q u e n c e  
m l d  w o r k  o u t  i n  a d v a n c e  
;  f o r  a l l  c o n t i n g e n c i e s  t o  
e s ,  o r  w e  c o u l d  s o l v e  t h e  
m s e  I  w i l l  a r r i v e  a t  9 : 4 5 )  
l a s t  s o l u t i o n s  d e t e r m i n e  
[ e r  p r o b l e m s .  T h i s  a p p l i -
r o c k e t  s c i e n t i s t s  l a n d  a  
· e  l i k e  t h e  t e r m  p l a n n i n g  
: o m p u t e r  p r o g r a m m i n g .  
r e  a r e  s e e i n g  t h e  p l a n  f o r  
f  t h i s  w o r d  " p r o g r a m "  a s  
" d y n a m i c "  d e n o t e s  t h a t  
v a r y i n g  t i m e  p e r i o d s  a n d  
l t h e m a t i c a l  c o m p l e x i t y  
f o r m a l  d e f i n i t i o n  w o u l d  
s i v e  m e t h o d s  f o r  s o l v i n g  
t i o n s  o f  u n c e r t a i n t y .  J o h n  
L S  e n a b l e d  e c o n o m i s t s  t o  
l V o l v i n g  s e q u e n t i a l  d e c i -
:  i s  n o w  w i d e l y  r e g a r d e d  
( 1 ) . 1  
1 t  o n e  p a r t i c u l a r  a r e a  o f  
1 l l  o f  p l a n n i n g ,  d e c i s i o n -
m a k i n g ,  a n d  t h i n k i n g  a m i d  u n c e r t a i n t y - n a m e l y ,  f i n a n c i a l  p l a n n i n g ,  h a s  
b e e n  s o  s l o w  t o  p u t  h i s  i d e a s  t o  w o r k .  I f  y o u  t h i n k  a b o u t  a l l  t h e  f a c t o r s  
r e l e v a n t  t o  f i n a n c i a l  p l a n n i n g  ( d e m o g r a p h i c s ,  a s s e t s ,  e a r n i n g s ,  c u r r e n t  a n d  
f u t u r e  h o u s i n g ,  f e d e r a l  a n d  s t a t e  t a x  p r o v i s i o n s ,  S o c i a l  S e c u r i t y  b e n e f i t  
r u l e s ,  M e d i c a r e  p r e m i u m s ,  t h e  m a n y  d i f f e r e n t  p o t e n t i a l  s u r v i v o r  s t a t e s  
p o i n t s ,  t h e  l o n g - t e r m  c o n s e q u e n c e s  o f  e v e n  a  s l i g h t  e c o n o m i c  c h o i c e ,  e t c . )  
y o u ' r e  l i k e l y  t o  c o n c l u d e  t h a t  w i t h o u t  a  m a i n f r a m e  a n d  a  r o c k e t  s c i e n t i s t ,  
w e  c o u l d  n e v e r  s o l v e  f i n a n c i a l  p l a n n i n g  p r o b l e m s .  Y o u ' d  b e  r i g h t .  T h e s e  
f a c t o r s  c o u p l e d  w i t h  a n  a d d i t i o n a l  p r o b l e m ,  t h e  a i m  o f  s m o o t h i n g  o n e ' s  
c o n s u m p t i o n  o v e r  a  l i f e t i m e - a  g o a l  c o n s o n a n t  w i t h  t h e  w o r k  o f  F r a n c o  
M o d i g l i a n i ,  w i n n e r  o f  a  N o b e l  P r i z e  i n  E c o n o m i c s  f o r  w o r k  o n  t h e  l i f e -
c y c l e  m o d e l  o f  s a v i n g - r e q u i r e s  t h a t  s e r i o u s  f i n a n c i a l  p l a n n i n g  u s e  t h e  
k i n d  o f  d y n a m i c  p r o g r a m m i n g  a n d  c o m p u t i n g  p o w e r  o f  r o c k e t  s c i e n c e .  
( S e e  b o t h  B o d i e  a n d  H o g a n  f o r  m o r e  o n  l i f e  c y c l e  i n v e s t i n g . )  
S m o o t h i n g  o n e ' s  s a v i n g  p a t t e r n  i s  s i m p l e - j u s t  p u t  t h e  s a m e  a m o u n t  
i n  s a v i n g s  e a c h  m o n t h .  B u t  a u t o - p i l o t  s a v i n g  w i l l  a l m o s t  a l w a y s  l e a d  t o  
l i v i n g  s t a n d a r d  d i s r u p t i o n  w i t h  t h e  f l u c t u a t i o n  o f  o t h e r  f a c t o r s  s u c h  a s  t a x e s ,  
n e w  s o u r c e s  o f  f i x e d  i n c o m e  l i k e  a  p e n s i o n  o r  S o c i a l  S e c u r i t y ,  h o u s e h o l d  
e c o n o m y  s c a l i n g  s u c h  a s  c h i l d r e n  b e i n g  b o r n  o r  l e a v i n g  h o m e ,  h o u s e s  b e i n g  
g r a d u a l l y  p a i d  o f f  w i t h  f u t u r e  ( w a t e r e d  d o w n )  d o l l a r s .  I n d e e d ,  t r y i n g  t o  
s m o o t h  y o u r  l i f e t i m e  l i v i n g  s t a n d a r d  i n  a  w a y  t h a t  d o e s n ' t  i n v o l v e  p u t -
t i n g  y o u  i n t o  d e b t  w o u l d  t a k e  f o r e v e r  o r  b e  i m p o s s i b l e  w i t h o u t  d y n a m i c  
p r o g r a m m i n g .  Y o u ' d  h a v e  t o  c o n s i d e r  a l l  p o s s i b l e  a n n u a l  s p e n d i n g  p a t h s  
( h u n d r e d s  o f  t h o u s a n d s )  c h a r a c t e r i z e d  b y  a  d i f f e r e n t  s p e n d i n g  a m o u n t  i n  
e a c h  f u t u r e  y e a r  a n d  t h e n  d e t e r m i n e  w h i c h  o n e  g e n e r a t e d  t h e  s m o o t h e s t  
p o s s i b l e  l i v i n g  s t a n d a r d  w i t h o u t  g o i n g  i n t o  d e b t .  
D y n a m i c  p r o g r a m m i n g  e a s i l y  s o l v e s  t h i s  p r o b l e m .  T h e  p r o g r a m  s t a r t s  
b y  f i g u r i n g  o u t  w h a t  y o u ' d  s p e n d  i n  t h e  l a s t  p e r i o d  o f  l i f e  g i v e n  h o w  
m u c h  r e g u l a r  a n d  r e t i r e m e n t  a c c o u n t  a s s e t s  y o u ' d  p o t e n t i a l l y  b e  h o l d i n g  
a t  t h a t  p o i n t  i n  t i m e .  U s i n g  t h i s  s p e n d i n g  p l a n  f o r  t h e  l a s t  p e r i o d ,  i t  n e x t  
f i g u r e s  o u t  a  s p e n d i n g  p l a n  f o r  t h e  n e x t - t o - t h e - l a s t  p e r i o d  t h a t  t a k e s  i n t o  
a c c o u n t  t h e  l a s t  p e r i o d  p l a n .  I t  t h e n  f i g u r e s  o u t  a  p l a n  f o r  t h e  n e x t - t o -
t h e - n e x t - t o - t h e - l a s t  p e r i o d  t h a t  t a k e s  i n t o  a c c o u n t  t h e  n e x t - t o - t h e - l a s t  
p e r i o d  p l a n .  I t  c o n t i n u e s  i n  t h i s  m a n n e r  a l l  t h e  w a y  b a c k  t o  t h e  c u r r e n t  
y e a r .  T h e  e n d  r e s u l t  i s  a  p l a n  f o r  e a c h  y e a r  t h a t  t a k e s  i n t o  a c c o u n t  a l l  f u t u r e  
p l a n s .  S p e n d i n g  p l a n s  f o r  e a c h  y e a r  e n t a i l  s p e n d i n g  a n  a m o u n t  s u c h  t h a t  
t h e  a s s e t s  o n e  b r i n g s  i n t o  t h e  n e x t  y e a r  a f f o r d ,  a f t e r  c o n s u l t i n g  n e x t  y e a r ' s  
p l a n ,  t h e  s a m e  l i v i n g  s t a n d a r d  a s  t h i s  y e a r ' s  s p e n d i n g  a f f o r d s .  I f  t r y i n g  t o  
e q u a l i z e  t h i s  y e a r ' s  l i v i n g  s t a n d a r d  w i t h  n e x t  y e a r ' s  m e a n s  g o i n g  i n t o  d e b t ,  
a  c o n s u m p t i o n  s m o o t h i n g  p r o g r a m  l i m i t s  t h i s  y e a r ' s  s p e n d i n g  t o  p r e v e n t  
t h a t  f r o m  h a p p e n i n g .
2  
T h e  c o n v e n t i o n a l  a p p r o a c h  t o  f i n a n c i a l  p l a n n i n g  d o e s  n o t  s o l v e  f o r  
s m o o t h e s t ,  h i g h e s t ,  s u s t a i n a b l e  l i v i n g  s t a n d a r d .  I t  u s e s  s i m p l e  a l g e b r a  ( i t  
D a n  R o y e r  
2
1  a m  i n d e b t e d  t o  
e c o n o m i s t  L a u r e n c e  
K o t l i k o f f  a t  B o s t o n  
U n i v e r s i t y  f o r  t h e  
l a n g u a g e  u s e d  i n  
t h i s  e x p l a n a t i o n .  
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does not use dynamic programming algorithms) to solve for saving targets. 
This is why Fidelity and TIAA-CREF, Qyicken, and your conventional 
financial planner always ask: How much income will you need (or want) 
in retirement? What percent of your current income do you want in retire-
ment? They often do an inventory of your lifestyle needs in order to set 
a target for retirement income. The answers given will typically set you 
on an auto-pilot spending plan (realistic or not) in order for you to retire 
comfortably. Once you establish these saving targets, ninth-grade math 
can determine how much to save each year. Economist Laurence Kotlikoff 
points out: "The result [of the conventional approach] is that your saving 
goes on autopilot. Rather than having your saving adjust to keep your 
living standard stable, conventional planning forces you to adjust your 
spending to keep your saving stable. There's a technical term for this-ass 
backwards" (Kotlikoff 2008). 
There are many different ways to explain how the financial planning 
industry has fallen so far behind, but perhaps the most obvious is a kind 
of technological lag between math's pure and applied concerns. Economics 
was an early adopter of dynamic programming. But the financial planning 
industry, the much younger, working-class cousin of Economics, has a 
well-documented inability to keep pace with economic research. The real 
money is made in the financial planning industry by selling investment 
products (insurance, managed funds, etc.), not by solving math puzzles or 
helping people understand their life economy. It's difficult for planners to 
make money on these value-added services. Colorful charts help, but it is 
your "assets under management" (typically garnering one to two percent 
for the planner) that generate most of the income for a financial planner 
(with the least amount of work), not personal economy optimization 
strategies. 
Predictably enough, the commercial thinking that drives the financial 
planning industry has not made optimization a part of its mission and 
values statement. Most financial planners have not yet made the effort 
to even investigate a planning calculator that can put to use Bellman's 
dynamic programming or the life-cycle planning models that it supports. 
Despite the fact that dynamic programming is the only way to solve most 
optimization proble~s in a dynamic system like a personal economy, 
planning remains a commercial, not a service industry, and it seems to 
follow rather than lead in terms of available technology. Although the 
list of applications for dynamic programming across other practical arenas 
(everything from football and cricket game strategies to transportation 
shipping logistics [See Romer 2002]) has grown with imaginative leaps 
and bounds in the last f 
working out planning p 
ninth-grade algebra. Wi 
problems can be solved. 
Most of the very inte 
are not even acknowledg, 
planning calculators are 1 
determines the range of 
industry should feel sorr 
-especially when, as is 
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Indeed, technology ( 
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need to solve. Not untilt 
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(Hopewell). Economist 
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only in the last five or 
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needs of ordinary indiv 
In other words, per 
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l ,  a n d  y o u r  c o n v e n t i o n a l  
w i l l  y o u  n e e d  ( o r  w a n t )  
n e  d o  y o u  w a n t  i n  r e t i r e -
r l e  n e e d s  i n  o r d e r  t o  s e t  
e n  w i l l  t y p i c a l l y  s e t  y o u  
i n  o r d e r  f o r  y o u  t o  r e t i r e  
r g e t s ,  n i n t h - g r a d e  m a t h  
1 m i s t  L a u r e n c e  K o t l i k o f f  
o a c h ]  i s  t h a t  y o u r  s a v i n g  
i n g  a d j u s t  t o  k e e p  y o u r  
l r c e s  y o u  t o  a d j u s t  y o u r  
m i c a l  t e r m  f o r  t h i s - a s s  
·  t h e  f i n a n c i a l  p l a n n i n g  
e  m o s t  o b v i o u s  i s  a  k i n d  
i e d  c o n c e r n s .  E c o n o m i c s  
u t  t h e  f i n a n c i a l  p l a n n i n g  
; i n  o f  E c o n o m i c s ,  h a s  a  
, n o m i c  r e s e a r c h .  T h e  r e a l  
r y  b y  s e l l i n g  i n v e s t m e n t  
·  s o l v i n g  m a t h  p u z z l e s  o r  
s  d i f f i c u l t  f o r  p l a n n e r s  t o  
> r f u l  c h a r t s  h e l p ,  b u t  i t  i s  
: r i n g  o n e  t o  t w o  p e r c e n t  
t e  f o r  a  f i n a n c i a l  p l a n n e r  
e c o n o m y  o p t i m i z a t i o n  
t h a t  d r i v e s  t h e  f i n a n c i a l  
.  p a r t  o f  i t s  m i s s i o n  a n d  
n o t  y e t  m a d e  t h e  e f f o r t  
a n  p u t  t o  u s e  B e l l m a n ' s  
;  m o d e l s  t h a t  i t  s u p p o r t s .  
l e  o n l y  w a y  t o  s o l v e  m o s t  
k e  a  p e r s o n a l  e c o n o m y ,  
n d u s t r y ,  a n d  i t  s e e m s  t o  
c h n o l o g y .  A l t h o u g h  t h e  
o s s  o t h e r  p r a c t i c a l  a r e n a s  
t t e g i e s  t o  t r a n s p o r t a t i o n  
1  w i t h  i m a g i n a t i v e  l e a p s  
a n d  b o u n d s  i n  t h e  l a s t  f o r t y  y e a r s ,  t h e  f i n a n c i a l  p l a n n i n g  i n d u s t r y  i s  s t i l l  
w o r k i n g  o u t  p l a n n i n g  p r o b l e m s  i n s p i r e d  b y  t h e  p o s s i b i l i t i e s  i n h e r e n t  i n  
n i n t h - g r a d e  a l g e b r a .  W i t h  b e t t e r  t e c h n o l o g i c a l  r e s o u r c e s ,  m o r e  i n t e r e s t i n g  
p r o b l e m s  c a n  b e  s o l v e d .  
M o s t  o f  t h e  v e r y  i n t e r e s t i n g  p r o b l e m s  r e l a t e d  t o  a  p e r s o n ' s  f i n a n c i a l  l i f e  
a r e  n o t  e v e n  a c k n o w l e d g e d  b y  c o n v e n t i o n a l  f i n a n c i a l  p l a n n i n g  b e c a u s e  t h e i r  
p l a n n i n g  c a l c u l a t o r s  a r e  n o t  e q u i p p e d  t o  a d d r e s s  t h e m .  A p p l i e d  t e c h n o l o g y  
d e t e r m i n e s  t h e  r a n g e  o f  p o s s i b i l i t y  i n  c o m m o n  p r a c t i c e ;  n e v e r t h e l e s s ,  t h e  
i n d u s t r y  s h o u l d  f e e l  s o m e  o b l i g a t i o n  t o  s t a y  c u r r e n t  w i t h  t h e  t e c h n o l o g i e s  
- e s p e c i a l l y  w h e n ,  a s  i s  t h e  c a s e  w i t h  d y n a m i c  p r o g r a m m i n g ,  i t ' s  a l r e a d y  
i n  u s e  i n  f i n a n c e ,  b u s i n e s s ,  a n d  e c o n o m i c s .  
D a n  R o y e r  
I n d e e d ,  t e c h n o l o g y  ( o r  i t s  l a c k )  m a i n l y  d e t e r m i n e s  t h e  o f f i c i a l l y  s a n c -
t i o n e d  p r o b l e m s  t h a t  p l a n n e r s  a n d  t h e i r  c u s t o m e r s  a r e  t a u g h t  t o  f e e l  t h e  
n e e d  t o  s o l v e .  N o t  u n t i l  t e n  y e a r s  a g o  d i d  f i n a n c i a l  p l a n n e r s  f i n a l l y  d i s c o v e r  
s t o c h a s t i c  a n a l y s i s  ( a . k . a .  M o n t e  C a r l o  a n a l y s i s )  w h i c h  h a d  b e e n  c o m -
m o n p l a c e  i n  s c h o o l s  o f  f i n a n c e  a n d  b u s i n e s s  f o r  o v e r  t h i r t y  y e a r s .  T h e r e  
w a s  a  r a t h e r  o b v i o u s  a p p l i c a t i o n  f o r  t h i s  k i n d  o f  a n a l y s i s  i n  h e l p i n g  p e o p l e  
t o  g r a p h  a  r a n d o m i z e d  s e t  o f  p o s s i b i l i t i e s  f o r  a  g i v e n  i n v e s t m e n t  p o r t f o -
l i o  a n d  s e e  h o w  w e l l  i t  f a r e d  i n  a  t h o u s a n d  d i f f e r e n t  p r o j e c t e d  l i f e t i m e s .  
T h i s  t e c h n o l o g y - M o n t e  C a r l o  a n a l y s i s - i s  n o w  t h e  c e n t e r p i e c e  o f  t h e  
r e t i r e m e n t  p l a n n i n g  t h r e e - r i n g  b i n d e r  b e c a u s e  i t  u s e s  s o p h i s t i c a t e d  m a t h  
a n d  r e v e a l s  s o m e t h i n g  i n t e r e s t i n g  a b o u t  a  p e r s o n a l  e c o n o m y - a n d  t h e  
c h a r t  i s  c o l o r f u l  a n d  p r o v i d e s  a  s i n g l e  p e r c e n t a g e  n u m b e r  t h a t  i s  u s e d  t o  
d e s c r i b e  a  c l i e n t ' s  " c h a n c e s  o f  s u c c e s s . "  B u t  t h e  i n d u s t r y ' s  o w n  e d i t o r i a l  
l e a d e r s  h a d  t o  s h a m e  p l a n n i n g  p r a c t i t i o n e r s  i n d u s t r y  w i d e  a n d  c a l l  g l a r i n g  
a t t e n t i o n  t o  t h e  f a c t  t h a t  t h i s  t e c h n o l o g y  w a s  n o t  b e i n g  u s e d  i n  a  f a m o u s  
" w a k e  u p  c a l l "  a r t i c l e  i n  t h e  j o u r n a l  o f  F i n a n c i a l  P l a n n i n g  a s  l a t e  a s  1 9 9 7  
( H o p e w e l l ) .  E c o n o m i s t s  a t  t h a t  t i m e  m u s t  h a v e  l o o k e d  a c r o s s  t h e  s t r e e t  
w i t h  e i t h e r  a m u s e m e n t  o r  c o n t e m p t .  
T h e  e x c e p t i o n  t o  a l l  o f  t h i s  t e c h n o l o g i c a l  f o o t  d r a g g i n g  i s  a  p l a n n i n g  
a n d  r e t i r e m e n t  c a l c u l a t o r  d e v e l o p e d  b y  a  p l a n n i n g  i n d u s t r y  o u t s i d e r ,  a n  
e c o n o m i s t  a t  B o s t o n  U n i v e r s i t y ,  L a u r e n c e  K o t l i k o f f  E c o n o m i c s  w a s  t h e  
f i r s t  a c a d e m i c  f i e l d  t o  m a k e  e x t e n s i v e  a p p l i e d  u s e  o f  B e l l m a n ' s  d y n a m i c  
p r o g r a m m i n g  b e g i n n i n g  i n  t h e  e a r l y  1 9 6 0 s .  S i n c e  t h e n ,  e c o n o m i s t s  h a v e  
b e e n  u s i n g  t h e s e  t e c h n i q u e s  t o  m a k e  s e n s e  o f " o v e r l a p p i n g  s u b - p r o b l e m s "  
a n d  " o p t i m a l  s t r u c t u r e s "  i n  a  w i d e  r a n g e  o f  e c o n o m i c  a p p l i c a t i o n s .  B u t  
o n l y  i n  t h e  l a s t  f i v e  o r  t e n  y e a r s  h a s  K o t l i k o f f ' s  c u s t o m i z e d  v e r s i o n  o f  a  
d y n a m i c  p r o g r a m m i n g  c a l c u l a t o r  b e e n  a v a i l a b l e  f o r  c o m m e r c i a l  u s e  i n  
p e r s o n a l  f i n a n c i a l  p l a n n i n g .  T h e  e n g i n e e r s  b u i l d i n g  t h i s  c a l c u l a t o r  h a v e  
t a i l o r e d  d y n a m i c  p r o g r a m i n g  a n d  l i f e - c y c l e  p l a n n i n g  c o n c e p t s  t o  f i t  t h e  
n e e d s  o f  o r d i n a r y  i n d i v i d u a l s  ( a s  o p p o s e d  t o  r e s e a r c h  e c o n o m i s t s ) .  
I n  o t h e r  w o r d s ,  p e r s o n a l  f i n a n c e  p r o b l e m s  h a v e  b e e n  s o l v e d  u s i n g  
d y n a m i c  p r o g r a m m i n g  i n  p r i v a t e  a c a d e m i c  o f f i c e s  f o r  d e c a d e s ( M A T L A B ©  
4 9  
so 
is a common application), but Kotlikoff and his research colleagues are the 
first ones to build such a calculator that incorporates state tax tables, Social 
Security history, Social Security projections based on projected income and 
assumed inflation (a calculation the SSA's own estimate will not provide 
for you) and dozens of other economic exigencies of a personal economy. 
Although he's sold thousands of copies of the $200 program, the company's 
primary clientele has been individuals, not financial planners. 
The reception in the personal finance industry has been interesting. 
This economic consultant for two US Presidential administrations and 
advisor to state economies in Europe and South America has been pro-
voking the financial planning industry, publicly accusing its practitioners 
of"financial malpractice," publishing research to back it up (independent 
economists have corroborated his findings), and sometimes appearing as 
an invited, yet unwelcome goad at professional meetings sponsored by 
Fidelity Investments.The oddity of the situation is stunning. At a period 
in its relatively short history when the financial planning industry craves 
academic ethos, it must deal with an international economist and recent 
chair of the Department of Economics at BU who is telling the industry 
that its methodology is all wrong and that financial planners should 
abandon nearly all of the "rules of thumb" that have stood in for the 
inadequacies of the industry's own planning calculators, rules repeated so 
often in the consumer financial press that they have become orthodoxy. 
This is no small challenge to an industry that has so much vested in self-
serving conventional wisdom. 
And he won't go away. His commentary on retirement planning is 
solicited almost weekly by the national press when it needs a contrarian 
view. They seem to love him. Headlines like "You Might be Saving Too 
Much" get a lot of attention from readers of the New York Times, Fortune, 
the Wall Street journal, Time Magazine, MSNBC, CBSMarketwatch, 
Business Week and dozens of other national publications. 
I t was holiday time a year ago; on the couch, laptop on my chest, I was perusing CBS Marketwatch. I found myself in the business section and 
paused when I read these paragraphs in the middle of an article about the 
pitfalls of online retirement calculators. 
Others say you should avoid online calculators altogether. "Financial 
planning is much closer to rocket science than [to] playing marbles 
or bingo," says Laurence Kotlikoff, an economics professor at Boston 
University. "You need to ask people to spend enough time, at least half 
an hour, to get a full check-up, to provide you with the inputs that are 
needed to give them a decent recommendation." 
One problem, he Sa) 
the target-and that 
"You may be told to 
"They're giving extre 
malpractice." 
Kotlikoffhas develop 
ner.com for $149, [$2( 
that aims to smooth 
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I was familiar with 1 
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preference. A few years 
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up; you have to put a n 
lator use its rule of thu 
income-and tell you ' 
will put a number in for 
cascades into place. Ym 
birthday card. 
The recommendati· 
from reality. 
A recent example f 
To see the difference 
gramming's consumpti 
posted at CBSMarket 
article describes a 45 y 
$250K mortgage who 
6% (nominal) in his 41 
sitting on $lOOK in aSS( 
in his money market fu 
per month in today's d 
retirement date. The ne 
he needs 100% of his p 
e a r c h  c o l l e a g u e s  a r e  t h e  
: s  s t a t e  t a x  t a b l e s ,  S o c i a l  
n  p r o j e c t e d  i n c o m e  a n d  
t i m a t e  w i l l  n o t  p r o v i d e  
o f  a  p e r s o n a l  e c o n o m y .  
p r o g r a m ,  t h e  c o m p a n y ' s  
a l  p l a n n e r s .  
y  h a s  b e e n  i n t e r e s t i n g .  
a l  a d m i n i s t r a t i o n s  a n d  
1 \ m e r i c a  h a s  b e e n  p r o -
c u s i n g  i t s  p r a c t i t i o n e r s  
a c k  i t  u p  ( i n d e p e n d e n t  
J m e t i m e s  a p p e a r i n g  a s  
n e e t i n g s  s p o n s o r e d  b y  
>  s t u n n i n g .  A t  a  p e r i o d  
a n n i n g  i n d u s t r y  c r a v e s  
l  e c o n o m i s t  a n d  r e c e n t  
)  i s  t e l l i n g  t h e  i n d u s t r y  
.  n c i a l  p l a n n e r s  s h o u l d  
h a v e  s t o o d  i n  f o r  t h e  
a  t o r s ,  r u l e s  r e p e a t e d  s o  
l V e  b e c o m e  o r t h o d o x y .  
; o  m u c h  v e s t e d  i n  s e l f -
r e t i r e m e n t  p l a n n i n g  i s  
n  i t  n e e d s  a  c o n t r a r i a n  
M i g h t  b e  S a v i n g  T o o  
~w Y o r k  T i m e s ,  F o r t u n e ,  
C ,  C B S M a r k e t w a t c h ,  
t i o n s .  
t o p  o n  m y  c h e s t ,  I  w a s  
1 e  b u s i n e s s  s e c t i o n  a n d  
· o f  a n  a r t i c l e  a b o u t  t h e  
t o g e t h e r .  " F i n a n c i a l  
t o ]  p l a y i n g  m a r b l e s  
p r o f e s s o r  a t  B o s t o n  
g h  t i m e ,  a t  l e a s t  h a l f  
1  t h e  i n p u t s  t h a t  a r e  
O n e  p r o b l e m ,  h e  s a y s ,  i s  t h a t  m a n y  t o o l s  l e a d  p e o p l e  t o  o v e r s h o o t  
t h e  t a r g e t - a n d  t h a t  m i s t a k e  t h e n  c o m p o u n d s  o v e r  y e a r s  o f  s a v i n g .  
" Y o u  m a y  b e  t o l d  t o  s a v e  a  w h o l e  l o t  m o r e  t h a n  y o u  s h o u l d , "  h e  s a i d .  
" T h e y ' r e  g i v i n g  e x t r e m e l y  b a d  a d v i c e .  I  t h i n k  i t ' s  a  f o r m  o f  f i n a n c i a l  
m a l p r a c t i c e . "  
K o t l i k o f f h a s  d e v e l o p e d  h i s  o w n  t o o l ,  E S P l a n n e r ,  a v a i l a b l e  a t  E S P l a n -
n e r . c o m  f o r  $ 1 4 9 ,  [ $ 2 0 0  f o r " p l u s " v e r s i o n ]  b a s e d  o n  a n  e c o n o m i c  t h e o r y  
t h a t  a i m s  t o  s m o o t h  a  p e r s o n ' s  l i v i n g  s t a n d a r d  o v e r  t i m e ,  r a t h e r  t h a n  
a i m i n g  f o r  a  s p e c i f i c  d o l l a r  f i g u r e  i n  t h e  f u t u r e .  ( C o o m b e s  2 0 0 6 )  
D a n  R o y e r  
I  w a s  f a m i l i a r  w i t h  m o s t  o f  t h e  o n l i n e  c a l c u l a t o r s .  I  h a d  u s e d  T I A A -
C R E F ,  F i d e l i t y ,  S c h w a b ,  M o n e y G u i d e P r o ,  a n d  I  h a v e  b e e n  a  s u c k e r  f o r  t h e  
o c c a s i o n a l  a r t i c l e  t h a t  p e r s u a d e s  y o u  t o  c l i c k  i n  y o u r  r e t i r e m e n t  n e e d s .  I f  
y o u  d o n ' t  l i k e  t h e  r e s u l t s  o f  o n e  c a l c u l a t o r ,  y o u  c a n  e n t e r  t h e  s a m e  n u m b e r s  
i n  a n o t h e r  a n d  g e t  c o m p l e t e l y  d i f f e r e n t  r e s u l t s  f r o m  t h e s e  b l a c k  b o x e s .  
T h e  p r o c e s s  i n v i t e s  i t s  o w n  k i n d  o f  i r r a t i o n a l  e x u b e r a n c e  f o r  a  p i c t u r e  
p r e f e r e n c e .  A  f e w  y e a r s  e a r l i e r  I  h a d  p u r c h a s e d  t h e  f e e - o n l y  s e r v i c e s  o f  a  
f i n a n c i a l  p l a n n e r  a n d  I  s o m e t i m e s  t r i e d  t o  c o m p a r e  h i s  r e c o m m e n d a t i o n s  
w i t h  t h e s e  o n l i n e  c a l c u l a t o r s .  N o t h i n g  w o u l d  s q u a r e  u p  .  
W h e n  y o u  l a u n c h  a  p l a n n i n g  t o o l  ( i t  d o e s n ' t  m a t t e r  w h i c h  o n e )  o r  v i s i t  
a  f i n a n c i a l  p l a n n e r  ( i t  d o e s n ' t  m a t t e r  w h i c h  o n e )  t h e  i n d u s t r y - w i d e  m e t h -
o d o l o g y  e v e n t u a l l y  l e a d s  t o  a  q u e s t i o n  n o  m a t t e r  h o w  c l e v e r l y  d i s g u i s e d :  
H o w  m u c h  i n c o m e  d o  y o u  w a n t  t o  h a v e  i n  r e t i r e m e n t ?  Y o u  h a v e  t o  f e s s  
u p ;  y o u  h a v e  t o  p u t  a  n u m b e r  i n  t h e  b l a n k .  O r  y o u  h a v e  t o  l e t  t h e  c a l c u -
l a t o r  u s e  i t s  r u l e  o f  t h u m b - t y p i c a l l y  7 0  t o  8 5  p e r c e n t  o f  p r e - r e t i r e m e n t  
i n c o m e - a n d  t e l l  y o u  w h a t  y o u ' l l  n e e d .  I f  y o u  a r e  n o t  a s k e d ,  s o m e b o d y  
w i l l  p u t  a  n u m b e r  i n  f o r  y o u .  O n c e  y o u  c o m m i t  t o  t h a t  n u m b e r ,  e v e r y t h i n g  
c a s c a d e s  i n t o  p l a c e .  Y o u r  f i n a n c i a l  f u t u r e  s p r i n g s  t o  l i f e  . . .  l i k e  a  p o p - u p  
b i r t h d a y  c a r d .  
T h e  r e c o m m e n d a t i o n s  p r e s e n t e d ,  h o w e v e r ,  a r e  s t r a n g e l y  d e t a c h e d  
f r o m  r e a l i t y .  
A  r e c e n t  e x a m p l e  f r o m  t h e  p o p u l a r  p r e s s  i l l u s t r a t e s  t h i s  d i s c o n n e c t .  
T o  s e e  t h e  d i f f e r e n c e  b e t w e e n  t r a d i t i o n a l  p l a n n i n g  a n d  d y n a m i c  p r o -
g r a m m i n g ' s  c o n s u m p t i o n  s m o o t h i n g  a p p r o a c h ,  c o n s i d e r  a  r e c e n t  a r t i c l e  
p o s t e d  a t  C B S M a r k e t w a t c h . c o m  t h i s  l a s t  s u m m e r  ( J u l y  o f  2 0 0 7 ) .  T h e  
a r t i c l e  d e s c r i b e s  a  4 5  y e a r  o l d  s i n g l e  m a n  ( w e ' l l  c a l l  h i m  D a v e )  w i t h  a  
$ 2 5 0 K  m o r t g a g e  w h o  e a r n s  $ 5 0 k  p e r  y e a r .  H e  i n v e s t s  $ 5 K  e a c h  y e a r  a t  
6 %  ( n o m i n a l )  i n  h i s  4 0 1 ( k )  a n d  e x p e r i e n c e s  3 %  a n n u a l  i n f l a t i o n .  H e  i s  
s i t t i n g  o n  $ l O O K  i n  a s s e t s - i . e . ,  $ 9 0 K  i n  h i s  r e t i r e m e n t  a c c o u n t  a n d  $ 1 0 K  
i n  h i s  m o n e y  m a r k e t  f u n d .  H i s  p r o j e c t e d  S o c i a l  S e c u r i t y  b e n e f i t  i s  $ 1 , 4 0 8  
p e r  m o n t h  i n  t o d a y ' s  d o l l a r s ,  b a s e d  o n  h i s  c u r r e n t  e a r n i n g s  a n d  e x p e c t e d  
r e t i r e m e n t  d a t e . T h e  n e w  c o n v e n t i o n a l  w i s d o m  c i t e d  i n  t h e  a r t i c l e s  i s  t h a t  
h e  n e e d s  1 0 0 %  o f  h i s  p r e - r e t i r e m e n t  i n c o m e - w h i c h  i s  5 0 K .  
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d i c a l l y  d i s r u p t e d .  
I  
t e a d y  l i v i n g  s t a n d a r d .  
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I  
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'  s t e a d y  n e a r  5 0 K  t h r o u g h o u t  
' n t  a v a i l a b l e  l i v i n g  s t a n d a r d  
: h a n g e .  
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1 o u s i n g  e x p e n s e .  A l t h o u g h  
o p  l i n e  s h o w s  t h e  i n c o m e  d r o p  
a l c u l a t o r  t e l l s  D a v e  t o  
I n d e e d  h e  w i l l  h i t  t h a t  
· i n g  d e p o s i t s .  B u t  w h a t  
2 0 , 1 2 4  t h r o u g h  a g e  6 4 ,  
y  s p e n d i n g  a f t e r  t a x e s ,  
l y  d o w n  t o  $ 7 , 6 0 1 ,  a n d  
1 o t  d e a d  f r o m  s t a r v a -
t o  $ 2 9 , 7 6 5  f r o m  a g e  7 6  
i  i s  6 7 . 5 %  h i g h e r  t h a n  
n a r y  s p e n d i n g  a m o u n t  
Y e t  h e ' s  t o l d  h e  n e e d s  
s e q u e n c e  e n t a i l s  m a j o r  
y  o f  n o  i n t e r e s t  t o  t h e  
: d  o n  " i n c o m e . "  D a v e ' s  
r o m  r e l a t i v e  s t a r v a t i o n  
( $ 6 3 3  p e r  m o n t h )  p r i o r  t o  r e t i r e m e n t  t o  r e l a t i v e  l u x u r y  ( $ 2 , 4 8 0  p e r  m o n t h )  
a f t e r  r e t i r e m e n t ,  g u i d e d  b y  t h e  l a t e s t  r u l e  o f  t h u m b  t h a t  h e  w i l l  n e e d  1 0 0 %  
o f  h i s  p r e - r e t i r e m e n t  i n c o m e .  H e ' s  f o u n d  a  w a y  t o  m a i n t a i n  h i s  5 0 K  p e r  
y e a r  i n c o m e ,  b u t  i t ' s  a n  e c o n o m i c  d i s a s t e r  a n d  n o b o d y  n o t i c e d . T h i s  i s  w h a t  
h a p p e n s  w h e n  t h e  p l a n n e r s  a n d  c a l c u l a t o r s  e n g a g e  i n  i n c o m e  r e p l a c e m e n t  
t a r g e t  p r a c t i c e .  T h i s  i s  w h a t  h a p p e n s  w h e n  s a v i n g  i s  p u t  o n  a u t o - p i l o t  ( t h e  
r e c o m m e n d a t i o n  w a s  t o  s a v e  $ 2 0 , 1 2 4  p e r  y e a r )  a n d  t h e  r e s t  o f  h i s  e c o n o m y  
h a s  t o  a c c o m m o d a t e  t h i s  r i g i d  r u l e  o f  t h u m b .  A s  K o t l i k o f f  s a y s ,  i t ' s  a s s  
b a c k w a r d s  t o  p r i v i l e g e  s t e a d y  s a v i n g  o v e r  s t e a d y  l i v i n g  s t a n d a r d .  B u t  t h e s e  
a r e  t h e  l i m i t a t i o n s  o f  c o n v e n t i o n a l  f i n a n c i a l  p l a n n i n g  c a l c u l a t o r s  ( a n d  t h e  
i m a g i n a t i v e  r e s o u r c e s  o f  f i n a n c i a l  p l a n n e r s )  . T h e  w h o l e  e x e r c i s e  i s  d e t a c h e d  
f r o m  r e a l i t y .  T h i s  a u t h o r ,  A n d r e a  C o o m b e s ,  i s  a  c l e a r  a n d  p r o l i f i c  w r i t e r  
i n  t h e  m a i n s t r e a m  p e r s o n a l  f i n a n c e  p a g e s ,  a n d  y e t  s h e  c o n c e d e s  t o  t h i s  
a d v i c e  a b o u t  n e e d i n g  1 0 0 %  o f  h i s  i n c o m e ,  s o - c a l l e d  " e x p e r t "  a d v i c e .  T h e  
n e x t  s t e p  f o r  a  p l a n n e r  h e r e  i s  t o  s u g g e s t  m o r e  s a v i n g  a n d  m o r e  a g g r e s s i v e  
i n v e s t m e n t s ,  b o t h  m o v e s  t h a t  w i l l  b e n e f i t  t h e  p l a n n e r  f i n a n c i a l l y  a n d  c o s t  
D a v e  m o r e  m o n e y .  
D a n  R o y e r  
G i v e n  h i s  F I C A ,  f e d e r a l  a n d  s t a t e  i n c o m e  t a x e s ,  m o r t g a g e  p a y m e n t s ,  
o t h e r  h o u s i n g  e x p e n s e s ,  a n d  c u r r e n t  r e t i r e m e n t  a c c o u n t  c o n t r i b u t i o n s ,  
s a v i n g  $ 2 0 , 1 2 4  i n s t e a d  o f  $ 5 , 0 0 0  w o u l d  e n t a i l  a  d r a m a t i c  d e c l i n e  i n  h i s  
l i v i n g  s t a n d a r d - i n d e e d ,  h e ' d  s t a r v e  w e r e  h e  t o  f o l l o w  A A R P ' s  a d v i c e  
b e c a u s e  h e ' d  h a v e  t o  l i v e  o n  u n d e r  1 1 K  p e r  y e a r  f o r  e i g h t e e n  y e a r s .  
I n  t h i s  c a s e ,  a  7 5 % ,  l e t  a l o n e  a  1 0 0 % ,  r e p l a c e m e n t  r a t e  t a r g e t  i s  m i l e s  
t o o  h i g h .  F o r  o t h e r  h o u s e h o l d s ,  r e p l a c e m e n t  r a t e  r u l e s  o f  t h u m b  l e a d  t o  
t a r g e t s  t h a t  a r e  t o o  l o w .  O n e  s i z e  d e f i n i t e l y  d o e s n ' t  f i t  a l l .  C a l c u l a t o r s  t h a t  
u t i l i z e  r e p l a c e m e n t  r a t e s  a l l  u s e  e s s e n t i a l l y  t h i s  s a m e  m e t h o d o l o g y .  I f  y o u  
( o r  y o u r  p l a n n e r )  a r e  c u r r e n t l y  u s i n g  f i n a n c i a l  p l a n n i n g  s o f t w a r e ,  l o o k  t o  
s e e  w h e r e  i t / h e / s h e  a s k s  y o u  t o  e n t e r  a  t a r g e t  f o r  s p e n d i n g ,  o r  i n c o m e ,  
r e t i r e m e n t  n e e d ,  o r  p e r c e n t a g e  o f  c u r r e n t  i n c o m e  i n  r e t i r e m e n t .  T h e  p l a n -
n e r  o r  c a l c u l a t o r  m a y  j u s t  p u t  t h e  n u m b e r  i n  f o r  y o u  l i k e  n e a r l y  a l l  o f  t h e  
o n l i n e  c a l c u l a t o r s  d o .  I f  y o u  a r e  a s k e d  f o r  a n  a m o u n t  o r  o n e  i s  e n t e r e d  i n  
f o r  y o u ,  y o u  a r e  u s i n g  c o n v e n t i o n a l  p l a n n i n g  s o f t w a r e .  I  h a v e  l o o k e d  h i g h  
a n d  l o w  a n d  h a v e  y e t  t o  f i n d  b u t  o n e  p l a n n i n g  c a l c u l a t o r  t h a t  u s e s  d y n a m i c  
p r o g r a m m i n g  a n d  e n t a i l s  e c o n o m i c s '  m e t h o d o l o g y .  
I  s u b m i t  t h a t  c o n v e n t i o n a l  p l a n n i n g  t o o l s  s e r v e  m o r e  o f  a  r h e t o r i c a l  
t h a n  a n  e c o n o m i c  f u n c t i o n  b e t w e e n  p l a n n e r  a n d  c l i e n t .  T h e y  w i l l  s p e e d  
o n e  a l o n g  t o  b u y  m a n a g e d  m u t u a l  f u n d s  a n d  i n s u r a n c e  p o l i c i e s ,  a n d  t h e y  
t y p i c a l l y  p r e s c r i b e  o v e r s a v i n g  " j u s t  t o  b e  s u r e "  ( w h i c h  i s  a n o t h e r  w a y  o f  
s a y i n g  t h e y  a r e  r e l y i n g  o n  r u l e s  o f  t h u m b ,  n o t  d e t a i l e d  c a l c u l a t i o n s ) .  
T h e  d y n a m i c  p r o g r a m  c a l c u l a t o r ,  [ u s i n g  E S P l a n n e r ]  i n  c o n t r a s t ,  
i n d i c a t e s - c u r i o u s l y  e n o u g h - t h a t  D a v e ' s  c u r r e n t  $ 5 K  i n  a n n u a l  s a v i n g  
i s  j u s t  a b o u t  t h e  r i g h t  l e v e l  n e e d e d  t o  k e e p  h i s  c u r r e n t  l i v i n g  s t a n d a r d  a n d  
k e e p  t h a t  l i v i n g  s t a n d a r d  s m o o t h  o v e r  t i m e ,  i n c l u d i n g  a f t e r  r e t i r e m e n t .  
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These calculations and results are transparent to anyone who looks at the 
ESPlanner final reports-Andrea Coombes, the author of the CBSMar-
ketwatch article, did not dispute my analysis when I discussed this with 
her in e-mail. Instead, she said that she was providing what the editors of 
the magazine wanted in this kind of comparison of online calculators. 
Dynamic programming seems to have been tailor-made for financial plan-
ning. It solves exactly the kind of problems a person faces when thinking 
of ways to optimize a personal economy. It can optimize a series of choices, 
dynamically working backwards from future events to the present. Without 
the mathematics of dynamic programming (which is sometimes called 
backward induction), for example, it is nearly impossible to determine 
the answer to a problem as seemingly simple as the present impact on a 
45 year old's living standard of a future event like planning to delay Social 
Security from age sixty-five to the age of seventy. In nearly every case, this 
delay creates a significant increase in current living standard, systemically 
influencing as it does one's economy. Dynamic programming makes this 
fact mathematically obvious. 
Conventional wisdom advises people to take their Social Security 
as early as possible. The reasoning is much the same as people use to 
determine whether they should buy down a mortgage with "points." The 
thinking goes like this: a) I want to take as much money from the Social 
Security pool as possible. b) Ifl begin taking SS at 65, I will have a 5 year 
head start on the person who delays until 70.lt will take the person taking 
it at age 70 until, say, age 83 to pass me in terms of total amount received 
from the Social Security Administration. This age is calculated and then 
called the "break-even point." People figure that if they die before this 
break-even point, they were wise to take SS early. If they live past this 
age, they should have delayed. 
But unless one is planning not to live past the break even point (an odd 
way to plan unless you have a terminal illness), it's foolish not to take advan-
tage of the U.S. Government's offer to raise your current living standard. 
For with dynamic programing and consumption smoothing, you can enjoy 
your higher living standard now, not later. Coupled with consumption 
smoothing, the boost in income available at 70 can be programmed back 
into the present through dynamic programming (backward induction). 
If you do take it early, and you do die before the break-even point, you 
will still have lived on a lower living standard than your clone who chose 
to use consumption smoothing to bring future dollars into the present. 
There's nothing to celebrate about in your last breath because you will have 
lived on a lower lifetime living standard (which is what taking SS early 
entails) just so you cou 
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u t h o r  o f  t h e  C B S M a r -
n  I  d i s c u s s e d  t h i s  w i t h  
j n g  w h a t  t h e  e d i t o r s  o f  
) f  o n l i n e  c a l c u l a t o r s .  
n a d e  f o r  f i n a n c i a l  p l a n -
m  f a c e s  w h e n  t h i n k i n g  
m i z e  a  s e r i e s  o f  c h o i c e s ,  
t o  t h e  p r e s e n t .  W i t h o u t  
: h  i s  s o m e t i m e s  c a l l e d  
1 p o s s i b l e  t o  d e t e r m i n e  
o e  p r e s e n t  i m p a c t  o n  a  
l a n n i n g  t o  d e l a y  S o c i a l  
1 1  n e a r l y  e v e r y  c a s e ,  t h i s  
;  s t a n d a r d ,  s y s t e m i c a l l y  
) g r a m m i n g  m a k e s  t h i s  
:  t h e i r  S o c i a l  S e c u r i t y  
s a m e  a s  p e o p l e  u s e  t o  
~age w i t h  " p o i n t s . "  T h e  
m o n e y  f r o m  t h e  S o c i a l  
~ 6 5 ,  I  w i l l  h a v e  a  5  y e a r  
t a k e  t h e  p e r s o n  t a k i n g  
c  t o t a l  a m o u n t  r e c e i v e d  
i s  c a l c u l a t e d  a n d  t h e n  
i f  t h e y  d i e  b e f o r e  t h i s  
y .  I f  t h e y  l i v e  p a s t  t h i s  
· e a k  e v e n  p o i n t  ( a n  o d d  
o l i s h  n o t  t o  t a k e  a d v a n -
: u r r e n t  l i v i n g  s t a n d a r d .  
1 o o t h i n g ,  y o u  c a n  e n j o y  
l e d  w i t h  c o n s u m p t i o n  
1  b e  p r o g r a m m e d  b a c k  
( b a c k w a r d  i n d u c t i o n ) .  
b r e a k - e v e n  p o i n t ,  y o u  
y o u r  c l o n e  w h o  c h o s e  
) l l a r s  i n t o  t h e  p r e s e n t .  
n  b e c a u s e  y o u  w i l l  h a v e  
;  w h a t  t a k i n g  S S  e a r l y  
D a n  R o y e r  
e n t a i l s )  j u s t  s o  y o u  c o u l d  c l a i m  t o  h a v e  c o l l e c t e d  m o r e  t o t a l  d o l l a r s  f r o m  
t h e  U S  G o v e r n m e n t  ( w h i c h  i n  t h a t  c a s e  w o u l d  b e  t r u e ) .  I t ' s  a  n o m i n a l  
a c h i e v e m e n t .  B u t  t h i s  e c o n o m i c  a n a l y s i s  i s  i m p o s s i b l e  t o  c a l c u l a t e  a n d  
o b s e r v e  w i t h o u t  a  d y n a m i c  p r o g r a m  c a l c u l a t o r ,  w h i c h  i s  w h y  t h i s  r a t h e r  
o b v i o u s  p o i n t  i s  n e v e r  m a d e  i n  t h e  p o p u l a r  f i n a n c i a l  p r e s s ,  a n d  i t ' s  a l s o  
w h y  c o n v e n t i o n a l  w i s d o m  s a y s  t a k e  S o c i a l  S e c u r i t y  e a r l y .  A s  t h e  p o p u l a r  
f i n a n c i a l  p r e s s  b e c o m e s  a w a r e  o f  w h a t  m a n y  e c o n o m i s t s  k n o w  a b o u t  
d y n a m i c  p r o g r a m m i n g ,  c o n s u m p t i o n  s m o o t h i n g ,  a n d  l i f e - c y c l e  p l a n n i n g ,  
c o n v e n t i o n a l  w i s d o m  w i l l  c h a n g e .  
n  
S p e n d i n g  t a r g e t s  d o  n o t  h a v e  t o  g e n e r a t e  f r o m  r u l e s  o f  t h u m b  o r  t h e  
c o m m e r c i a l  b i a s e s  o f  a n  i n v e s t m e n t  f i r m .  E c o n o m i s t s  t h a t  u n d e r s t a n d  
a n d  u s e  d y n a m i c  p r o g r a m m i n g  o n  t h e s e  k i n d s  o f  p r o b l e m s  a r e  a w a r e  
t h a t  a  s p e n d i n g  t a r g e t  i s  e n d o g e n o u s .  T h i s  n o t i o n  o f  g r o w t h  f r o m  w i t h i n  
h a s  h e l p e d  t o  c r e a t e  n e w  m o d e l s  o f  e c o n o m i c  g r o w t h  a n d  o t h e r  d y n a m i c  
e c o n o m i c  s y s t e m s .  I n d e e d ,  o n e  h a l l m a r k  o f  c o n t e m p o r a r y  e c o n o m i c s  i s  
t h e  s o p h i s t i c a t i o n  w i t h  w h i c h  i t  u n d e r s t a n d s  d y n a m i c  s y s t e m s  s u c h  a s  
e c o n o m i c  g r o w t h .  
Y e t  i t ' s  i m p o s s i b l e  t o  m e e t  w i t h  a  f i n a n c i a l  p l a n n e r  w i t h o u t  b e i n g  
a s k e d  t o  s p e c i f y  o n e ' s  r e t i r e m e n t - y e a r s  s p e n d i n g  n e e d s - t h a t  i s ,  t o  
i m p o s e  a n  e x t e r n a l  s p e n d i n g  t a r g e t  u p o n  y o u r  e c o n o m i c  s y s t e m  i n s t e a d  
o f  u n c o v e r i n g  t h e  e n d o g e n o u s  t a r g e t  f r o m  w i t h i n  y o u r  e c o n o m y .  O t h e r  
c o n v e n t i o n a l  c a l c u l a t o r s  a l l o w  t h e  c l i e n t  t o  s p e c i f Y  d i f f e r e n t  t a r g e t s  f o r  u p  
t o  t h r e e  d i f f e r e n t  t i m e  p e r i o d s  i n  r e t i r e m e n t .  B u t  h o w e v e r  i t ' s  d o n e - a s  
b a s e d  o n  c u r r e n t  s p e n d i n g  o r  o n  r u l e - o f - t h u m b  e s t i m a t e - i t ' s  a  n u m b e r  
e x t e r n a l  t o  t h e  c o m p l e x  i n d i v i d u a l  e c o n o m y .  I n  c o n t r a s t ,  w i t h  d y n a m i c  
p r o g r a m m i n g ,  w e  c a n  n o w  d e t e r m i n e  i m p l i c i t  s p e n d i n g  t a r g e t s  a s  w e l l  
a s  o p t i m i z e  t h e  e c o n o m y  f o r  t h e  h i g h e s t  a v a i l a b l e  s p e n d i n g  t a r g e t s .  T h e  
c o r r e c t  s o l u t i o n s  t o  " h o w  m u c h  d o  I  h a v e  t o  l i v e  o n  i n  r e t i r e m e n t "  a r e  
b u r i e d  d e e p  i n  t h e  m a t r i x  o f  i n t e r r e l a t e d  c a l c u l a t i o n s  t h a t  d e t e r m i n e  t a x e s ,  
s p e n d i n g ,  i n c o m e ,  b e q u e s t s ,  c h i l d r e n ,  i n h e r i t a n c e s ,  c h a n g e s  i n  p r i m a r y  a n d  
s e c o n d a r y  h o m e s ,  v a c a t i o n  h o m e s ,  S o c i a l  S e c u r i t y  v a r i a t i o n s  t h a t  g e t  t a x e d  
a t  d i f f e r e n t  r a t e s  f o r  d i f f e r e n t  i n c o m e  l e v e l s ,  i n d i v i d u a l  s t a t e  t a x  l a w s ,  n o t  
t o  m e n t i o n  a s s u m p t i o n s  a b o u t  i n f l a t i o n  a n d  t h e  v o l a t i l e  m a r k e t .  D e s p i t e  
t h i s  c o m p l e x i t y  t h e y  a r e ,  a f t e r  a l l ,  j u s t  n u m b e r s  t h a t  c a n  b e  r e v e a l e d  w i t h  
d y n a m i c  p r o g r a m m i n g  a n d  e v e n  i f  i t  t u r n s  o u t  t o  b e  " r o c k e t  s c i e n c e , "  
p e r s o n a l  c o m p u t e r s  c a n  n o w  d o  r o c k e t  s c i e n c e .  
S i n c e  m a n y  p e o p l e  n a i v e l y  a p p r o a c h  a  c o n v e n t i o n a l  f i n a n c i a l  p l a n n e r  
t h i n k i n g  t h e y  a r e  g o i n g  t o  l e a r n  h o w  m u c h  t h e y  w i l l  h a v e  t o  l i v e  o n  i n  
r e t i r e m e n t ,  t h e  p l a n n e r  h a s  t o  b e  c a r e f u l  a b o u t  h o w  h e  o r  s h e  t u r n s  t h e  
t a b l e s  a n d  p u t s  t h e  q u e s t i o n  b a c k  t o  t h e  c l i e n t .  T h e  p l a n n e r  ( o r  o n l i n e  
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calculator) can ask the client to produce an annual budget (most do) or 
inquire about existing spending or use industry rules of thumb such as 
80% of pre-retirement income. Often they use a combination of these 
approaches. However, the planning profession is not itself in agreement 
about whether 70% or 100% is the best rule of thumb, and as solid research 
now shows, the mathematical fact is that even small mistakes in this 
exogenous target-guessing-game compound and lead to wildly divergent 
saving recommendations. 
The endogenous solution to what a household has available to live on 
in retirement is a result of exceedingly complex calculations, algorithms 
and dynamic programming modules indebted to Richard Bellman. The 
solution is a function of dozens if not hundreds of real option choices a 
client can make about his or her personal economy. The first, and most 
obvious choices have to do with when to begin taking Social Security, 
when to retire, how much to save in the 401(k), and so on. The available 
choices are partly a function of the user or planner's own creative thinking. 
Yet they become even more varied when one realizes that choices can be 
made in a wide variety of combinations and timing patterns. 
Again, solving for highest and smoothest available living standard (i.e. 
discretionary spending remaining after the set of fixed expenses such as 
housing, taxes, and retirement savings) is, according to current life-cycle 
models, the best way to evaluate options. Solving instead to create a steady 
income stream is perilous and misleading as we saw so clearly with Dave's 
case in the CBS Marketwatch article analysis above. 
Seeing an optimum living standard through time as solution may 
befuddle someone steeped in conventional planning models that solve, 
not for living standard, but for the likelihood of success of an exogenous 
spending target. The endogenous solution is dynamic in that it is responsive 
to the changing variables like the cost of our housing going down each 
year as inflation balloons everything around us except our fixed mortgage 
payment. As we pay less in real terms on housing each year, our tax liability 
may change. If our taxes go down, we have more money to spend. If we 
consume more, we need more term life insurance to protect this more afflu-
ent scenario. Our term insurance has an annual premium that then rises, 
which of course creates a slight drain on our present living standard-it's 
a morass of mutually influencing variables. A planning calculator that uses 
dynamic programming can account for this mutual influence and smooth 
the living standard across an entire lifespan, so it responds internally to 
these choices and makes adjustments and new recommendations until 
it arrives at the optimal solution. This economic web is very complex 
across the dimensions of income and expenses, but it becomes even more 
complex in its dynamic computations as we see that taking an option on 
some future choice compounds backward to this year's living standard. 
Economists refer to the 
"curse of dimensionalit 
(endogenously) the higl 
the new possibilities of 
I think the real stor 
sufficiently powerful1 
from pure research in 
their lifestyle choice~ 
having another kid? 
your living standard 
your Social Security. 
Four Case Sb 
The four illustration~ application of dyn: 
Financial planning pro1 
math since it is, to repea· 
making, and thinking a 
science of economics' pr 
hundreds, if not thousai 
economic research. All, 
would generate the sam 
nothing unique, in that 
unique, however, is tha 
uses dynamic programr 
smoothing approach. TI 
it makes it possible to c 
of living standard rathe1 
which, as we saw in Da· 
The relationship bet 
linear. So if the living s 
the household, consum 
reflects two factors. 
The first factor is ecc 
spending $30,000 on cc 
dard to four people does 
expenditures because m 
and kitchen appliances, 
The second factor is t 
to two adults plus two 
expenditures to give eve 
1 l  b u d g e t  ( m o s t  d o )  o r  
u l e s  o f  t h u m b  s u c h  a s  
c o m b i n a t i o n  o f  t h e s e  
1 0 t  i t s e l f  i n  a g r e e m e n t  
t b ,  a n d  a s  s o l i d  r e s e a r c h  
; m a l l  m i s t a k e s  i n  t h i s  
~ad t o  w i l d l y  d i v e r g e n t  
h a s  a v a i l a b l e  t o  l i v e  o n  
1 l c u l a t i o n s ,  a l g o r i t h m s  
R i c h a r d  B e l l m a n .  T h e  
f  r e a l  o p t i o n  c h o i c e s  a  
o y .  T h e  f i r s t ,  a n d  m o s t  
: a k i n g  S o c i a l  S e c u r i t y ,  
1 d  s o  o n .  T h e  a v a i l a b l e  
o w n  c r e a t i v e  t h i n k i n g .  
~es t h a t  c h o i c e s  c a n  b e  
g  p a t t e r n s .  
b l e  l i v i n g  s t a n d a r d  ( i . e .  
f i x e d  e x p e n s e s  s u c h  a s  
1 g  t o  c u r r e n t  l i f e - c y c l e  
s t e a d  t o  c r e a t e  a  s t e a d y  
r  s o  c l e a r l y  w i t h  D a v e ' s  
v e .  
t i m e  a s  s o l u t i o n  m a y  
i n g  m o d e l s  t h a t  s o l v e ,  
t c c e s s  o f  a n  e x o g e n o u s  
c  i n  t h a t  i t  i s  r e s p o n s i v e  
s i n g  g o i n g  d o w n  e a c h  
~pt o u r  f i x e d  m o r t g a g e  
c h  y e a r ,  o u r  t a x  l i a b i l i t y  
n o n e y  t o  s p e n d .  I f  w e  
p r o t e c t  t h i s  m o r e  a f f i u -
~mium t h a t  t h e n  r i s e s ,  
1 t  l i v i n g  s t a n d a r d - i t ' s  
l n g  c a l c u l a t o r  t h a t  u s e s  
i n f l u e n c e  a n d  s m o o t h  
r e s p o n d s  i n t e r n a l l y  t o  
: c o m m e n d a t i o n s  u n t i l  
w e b  i s  v e r y  c o m p l e x  
i t  b e c o m e s  e v e n  m o r e  
1 t  t a k i n g  a n  o p t i o n  o n  
y e a r ' s  l i v i n g  s t a n d a r d .  
E c o n o m i s t s  r e f e r  t o  t h e  c a u s e  o f  t h e s e  k i n d s  o f  i n t r a c t a b l e  p r o b l e m s  a s  t h e  
" c u r s e  o f  d i m e n s i o n a l i t y . "  O u t  o f  t h i s  c o m p l e x  e c o n o m i c  m a t r i x  e m e r g e s  
( e n d o g e n o u s l y )  t h e  h i g h e s t  s u s t a i n a b l e  l i v i n g  s t a n d a r d .  K o t l i k o f f  d e s c r i b e s  
t h e  n e w  p o s s i b i l i t i e s  o f  d y n a m i c  p r o g r a m m i n g  t h i s  w a y :  
I  t h i n k  t h e  r e a l  s t o r y  h e r e  i s  t h a t  d e s k t o p  c o m p u t e r s  a r e  b e c o m i n g  
s u f f i c i e n t l y  p o w e r f u l  t h a t  w e  c a n  n o w  m o v e  [ e c o n o m i c  m o d e l i n g ]  w o r k  
f r o m  p u r e  r e s e a r c h  i n t o  p e o p l e ' s  h o u s e h o l d s .  P e o p l e  c a n  n o w  p r i c e  o u t  
t h e i r  l i f e s t y l e  c h o i c e s .  H o w  m u c h  w i l l  g e t t i n g  d i v o r c e d  c o s t  m e ?  O r  
h a v i n g  a n o t h e r  k i d ?  I n  e i g h t  s e c o n d s  y o u  c a n  f i g u r e  o u t  h o w  t o  r a i s e  
y o u r  l i v i n g  s t a n d a r d  b y  l O o / o  o r  1 2 %  b y ,  s a y ,  d e c i d i n g  t o  d e l a y  t a k i n g  
y o u r  S o c i a l  S e c u r i t y .  I t ' s  a  g o l d  m i n e .  ( R o s e n b e r g  7 2 )  
f o u r  C a s e  S t u d i e s  
D a n  R o y e r  
T
h e  f o u r  i l l u s t r a t i o n s  b e l o w  a r e  i n t e n d e d  t o  d e m o n s t r a t e  t h e  p o w e r  a n d  
a p p l i c a t i o n  o f  d y n a m i c  p r o g r a m m i n g  a n d  c o n s u m p t i o n  s m o o t h i n g .  
F i n a n c i a l  p l a n n i n g  p r o v i d e s  a m p l e  o p p o r t u n i t y  t o  i l l u s t r a t e  t h i s  k i n d  o f  
m a t h  s i n c e  i t  i s ,  t o  r e p e a t  B e l l m a n ,  a  r e a l m  c h o c k - f u l l  o f  p l a n n i n g ,  d e c i s i o n  
m a k i n g ,  a n d  t h i n k i n g  a m i d  u n c e r t a i n t y .  C o n s u m p t i o n  s m o o t h i n g  i s  t h e  
s c i e n c e  o f  e c o n o m i c s '  p r e s c r i p t i o n  f o r  f i n a n c i a l  p l a n n i n g .  I n d e e d ,  t h e r e  a r e  
h u n d r e d s ,  i f  n o t  t h o u s a n d s ,  o f  c o n s u m p t i o n  s m o o t h i n g  p r o g r a m s  u s e d  i n  
e c o n o m i c  r e s e a r c h .  A l l ,  i f  p r o p e r l y  t u n e d  t o  t h e  f a c t o r s  a d d r e s s e d  b e l o w ,  
w o u l d  g e n e r a t e  t h e  s a m e  a n s w e r s  t h a t  E S P l a n n e r  i s  p r o v i d i n g .  S o  t h e r e ' s  
n o t h i n g  u n i q u e ,  i n  t h a t  s e n s e ,  t o  t h e  c a l c u l a t o r  t h a t  I  a m  u s i n g .  W h a t  i s  
u n i q u e ,  h o w e v e r ,  i s  t h a t  t h i s  i s  t h e  o n l y  c o m m e r c i a l  p l a n n i n g  t o o l  t h a t  
u s e s  d y n a m i c  p r o g r a m m i n g  a n d  g e n e r a t e s  r e p o r t s  u s i n g  a  c o n s u m p t i o n  
s m o o t h i n g  a p p r o a c h .  T h e  v a l u e  o f  t h i s  a p p r o a c h  i s  v e r y  p r a c t i c a l .  F o r  o n e ,  
i t  m a k e s  i t  p o s s i b l e  t o  c o m p a r e  r e s u l t s  o f  d i f f e r e n t  c a s e  s t u d i e s  i n  t e r m s  
o f l i v i n g  s t a n d a r d  r a t h e r  t h a n  i n c o m e  r e p l a c e m e n t  o r  t o t a l  c o n s u m p t i o n ,  
w h i c h ,  a s  w e  s a w  i n  D a v e ' s  c a s e ,  i s  n o t  a  b o t t o m  l i n e .  
T h e  r e l a t i o n s h i p  b e t w e e n  l i v i n g  s t a n d a r d  a n d  c o n s u m p t i o n  i s  n o n -
l i n e a r .  S o  i f  t h e  l i v i n g  s t a n d a r d  i s  $ 2 0 , 0 0 0  a n d  t h e r e  a r e  f o u r  p e o p l e  i n  
t h e  h o u s e h o l d ,  c o n s u m p t i o n  w i l l  n o t  e q u a l  $ 8 0 , 0 0 0 .  T h e  n o n - l i n e a r i t y  
r e f l e c t s  t w o  f a c t o r s .  
T h e  f i r s t  f a c t o r  i s  e c o n o m i e s  i n  s h a r e d  l i v i n g .  G o i n g  f r o m  o n e  p e r s o n  
s p e n d i n g  $ 3 0 , 0 0 0  o n  c o n s u m p t i o n  a n d  p r o v i d i n g  a  $ 3 0 , 0 0 0  l i v i n g  s t a n -
d a r d  t o  f o u r  p e o p l e  d o e s n ' t  r e q u i r e  f o u r  t i m e s  t h e  a m o u n t  o f  c o n s u m p t i o n  
e x p e n d i t u r e s  b e c a u s e  m a n y  e x p e n d i t u r e s ,  s u c h  a s  t h e  T V ,  l i g h t i n g ,  h e a t ,  
a n d  k i t c h e n  a p p l i a n c e s ,  c a n  b e  s h a r e d .  
T h e  s e c o n d  f a c t o r  i s  t h e  r e l a t i v e  c o s t  o f  c h i l d r e n .  G o i n g  f r o m  t w o  a d u l t s  
t o  t w o  a d u l t s  p l u s  t w o  c h i l d r e n  d o e s n ' t  r e q u i r e  d o u b l i n g  c o n s u m p t i o n  
e x p e n d i t u r e s  t o  g i v e  e v e r y o n e  t h e  s a m e  l i v i n g  s t a n d a r d  a s  t h e  t w o  a d u l t s  
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A Glossary of Terms Used in These Case Studies 
Income 
Consumption 
living Standard 
Consumption 
Smoothing 
life-Cycle 
Model 
-may reflect money earned from working, money received from pension or 
social security. money earned on past investments, or money received as gifts or 
inheritances. Income is not living standard. 
-refers to all discretionary spending by the household other than special 
expenditures, housing expenditures, taxes, and insurance premiums. 
Recommended annual consumption amounts are calculated in the examples here 
in light of the household's current and Future economic resources, its current 
and projected future demographic composition, its current and future projected 
spending on housing. special expenditures. taxes. and life insurance premiums, and 
preferences about how the person would like the living standard to change over time 
and in the event of the death of the household head or spouse/partneL 
-refers to the per-adult consumption of goods and services. As used here. it isjust 
like consumption, except that it takes into account economies in shared living-the 
fact that two people, including children. living together can jointly consume a 
variety of goods, like television viewing, heat. lighting. housing space. and thus enjoy 
a higher standard of living than if they lived separately. 
-refers to the financial planning approach that determines the amounts of 
saving and life insurance necessary to smooth the household's living standards 
before and after retirement as well as in the event of the death of the household 
head or spouse/partner. The calculations in these examples take into account the 
households' economic resources, living standard preferences, special expenditures, 
estate plans. housing plans, demographic composition, and economic assumptions. 
The examples also take into account economies in shared living. 
-the economic theory of saving and insurance that predicts that households will 
seek to smooth their living standards over time and preserve that living standard in 
the case of the early death of a spouse/partner or partneL 
initially have. For kids are relatively cheap compared with parents in pro-
viding them the same living standard. [US Dept. of Agriculture provides 
statistics; a relative cost of70% of an adult is often used]. 
So then, given a data set in a personal economy, variables can be changed 
and the results evaluated based on which variables provide the highest 
discretionary spending, smoothed over a lifetime. Living standard reveals 
the bottom line in our economy. For the same reason nobody would 
organize a retirement plan around how much in federal tax they wanted to 
pay (it's not a bottom line), neither should they organize their retirement 
plan around how much income they want to have (also not a bottom line). 
The bottom line is living standard (scaled as it is to economies in shared 
living), not taxes or income. I will be using the terms "living standard" 
and "discretionary spending" synonymously. These illustrations, I hope, 
will make all of this discussion more clear. 
Is This a Better Jol 
"The carne in an ot 
plentifull then doth 
This great Dutch hum 
West Michigan. Havir 
at Grand Valley State 
his colleagues. But, alai 
entertaining an offer fr 
Although no averat 
Professor salary, $63,70 
salary of$81,700, he fel 
a no-brainer. 
But after a little refl 
wonder. The Council fc 
that the average cost o 
Rapids. Housing is eve1 
An equivalent Boston ~ 
This is just one of se; 
A second is taxes. Mid 
before the recent Mid 
And since federal incorr 
will pay proportionally 
A third factor is e1 
GVSU and BU have g( 
utes 12 percent of his sa 
has a two-year waiting 
a 3 percent employee c 
percent of employees' sa 
correctly for this case sl 
A fourth issue is S< 
more FICA taxes at BU 
higher benefits once he 
be subject to federal ir 
retirement income. 
He realizes the 21st 
the work of Bellman in 
calculator to help him 
entered his salary, rent, 
in two different profile: 
relatively higher cost of 
state and federal tax, ta 
, m  p e n s i o n  o r  
e c e i v e d  a s  g i f t s  o r  
h a n  s p e c i a l  
e m i u m s .  
1  t h e  e x a m p l e s  h e r e  
- c e s .  i t s  c u r r e n t  
l  f u t u r e  p r o j e c t e d  
1 r a n c e  p r e m i u m s ,  a n d  
1 r d  t o  c h a n g e  o v e r  t i m e  
: / p a r t n e c  
A s  u s e d  h e r e ,  i t  i s  j u s t  
:  i n  s h a r e d  living~the 
i n t l y  c o n s u m e  a  
g  s p a c e ,  a n d  t h u s  e n j o y  
t h e  a m o u n t s  o f  
l ' s  l i v i n g  s t a n d a r d s  
t t h  o f  t h e  h o u s e h o l d  
k e  i n t o  a c c o u n t  t h e  
s p e c i a l  e x p e n d i t u r e s ,  
a n o m i e  a s s u m p t i o n s .  
1 1 g .  
h a t  h o u s e h o l d s  w i l l  
h a t  l i v i n g  s t a n d a r d  i n  
: d  w i t h  p a r e n t s  i n  p r o -
f  A g r i c u l t u r e  p r o v i d e s  
u s e d ] .  
t r i a b l e s  c a n  b e  c h a n g e d  
: s  p r o v i d e  t h e  h i g h e s t  
" i v i n g  s t a n d a r d  r e v e a l s  
r e a s o n  n o b o d y  w o u l d  
e r a l  t a x  t h e y  w a n t e d  t o  
~anize t h e i r  r e t i r e m e n t  
t l s o  n o t  a  b o t t o m  l i n e ) .  
o  e c o n o m i e s  i n  s h a r e d  
~rms " l i v i n g  s t a n d a r d "  
e  i l l u s t r a t i o n s ,  I  h o p e ,  
I s  T h i s  a  B e t t e r  J o b  O f f e r ?  
" T h e  c o m e  i n  a n  o t h e r  m a n s  g r o u n d  s e m e t h  e u e r  m o r e  f e r t y l l  a n d  
p l e n t i f u l l  t h e n  d o t h  o u r e  o w n e "  
- E r a s m u s  o f  R o t t e r d a m ,  1 5 4 5  
T h i s  g r e a t  D u t c h  h u m a n i s t  a n d  t h e o l o g i a n  w a s  i n i t i a l l y  v e r y  h a p p y  i n  
W e s t  M i c h i g a n .  H a v i n g  l a n d e d  a  j o b  u p  i n  t h e  p h i l o s o p h y  d e p a r t m e n t  
a t  G r a n d  V a l l e y  S t a t e  U n i v e r s i t y ,  h e  t h o u g h t  h e  h a d  i t  m a d e .  H e  l i k e d  
h i s  c o l l e a g u e s .  B u t ,  a l a s ,  t h e  g r a s s  i s  a l w a y s  g r e e n e r  . . .  a n d  s o o n  h e  w a s  
e n t e r t a i n i n g  a n  o f f e r  f r o m  B o s t o n  U n i v e r s i t y .  
A l t h o u g h  n o  a v e r a g e  s c h o l a r ,  h e  e a r n s  t h e  a v e r a g e  G  V S U  A s s o c i a t e  
P r o f e s s o r  s a l a r y ,  $ 6 3 , 7 0 0 .  W h e n  B U  o f f e r e d  h i m  t h e i r  e q u i v a l e n t  a v e r a g e  
s a l a r y  o f  $ 8 1 , 7 0 0 ,  h e  f e l t  a n  e x t r a  1 8 K  w a s ,  a s  h i s  c o n t e m p o r a r i e s  n o w  s a y ,  
a  n o - b r a i n e r .  
B u t  a f t e r  a  l i t t l e  r e f l e c t i o n  ( a n d  a  l i t t l e  i n t e r n e t  r e s e a r c h )  h e  b e g a n  t o  
w o n d e r .  T h e  C o u n c i l  f o r  C o m m u n i t y  a n d  E c o n o m i c  R e s e a r c h  i n d i c a t e s  
t h a t  t h e  a v e r a g e  c o s t  o f  l i v i n g  i n  B o s t o n  i s  3 2 . 9 8 %  m o r e  t h a n  i n  G r a n d  
R a p i d s .  H o u s i n g  i s  e v e n  m o r e  e x p e n s i v e .  H e  p a y s  $ 7 5 1  p e r  m o n t h  i n  r e n t .  
A n  e q u i v a l e n t  B o s t o n  a p a r t m e n t  w i l l  c o s t  h i m  $ 1 , 3 5 8 .  
T h i s  i s  j u s t  o n e  o f  s e v e r a l  i m p o r t a n t  d i f f e r e n c e s  f o r  E r a s m u s  t o  c o n s i d e r .  
A  s e c o n d  i s  t a x e s .  M i c h i g a n ' s  t a x  r a t e  i s  3 . 9  p e r c e n t ;  [ I  r a n  t h e s e  n u m b e r s  
b e f o r e  t h e  r e c e n t  M i c h i g a n  t a x  h i k e ]  M a s s a c h u s e t t s '  r a t e  i s  5 . 3  p e r c e n t .  
A n d  s i n c e  f e d e r a l  i n c o m e  t a x e s  a r e  a s s e s s e d  o n  a  p r o g r e s s i v e  b a s i s ,  E r a s m u s  
w i l l  p a y  p r o p o r t i o n a l l y  m o r e  t a x e s  a t  B U  t h a n  a t  G V S U .  
A  t h i r d  f a c t o r  i s  e m p l o y e r  r e t i r e m e n t  a c c o u n t  c o n t r i b u t i o n s .  B o t h  
G V S U  a n d  B U  h a v e  g e n e r o u s ,  b u t  q u i t e  d i f f e r e n t  p l a n s .  G V S U  c o n t r i b -
u t e s  1 2  p e r c e n t  o f h i s  s a l a r y  t o  h i s  4 0 3 ( b )  p l a n  a n d  r e q u i r e s  n o  m a t c h .  B U  
h a s  a  t w o - y e a r  w a i t i n g  p e r i o d  t o  p a r t i c i p a t e  i n  i t s  4 0 3 ( b ) .  A n d  i t  r e q u i r e s  
a  3  p e r c e n t  e m p l o y e e  c o n t r i b u t i o n .  F o r  i t s  p a r t ,  B U  c o n t r i b u t e s  5  t o  1 4  
p e r c e n t  o f  e m p l o y e e s '  s a l a r i e s  d e p e n d i n g  o n  t h e i r  a g e ,  w h i c h  w a s  m o d e l e d  
c o r r e c t l y  f o r  t h i s  c a s e  s t u d y .  
A  f o u r t h  i s s u e  i s  S o c i a l  S e c u r i t y  b e n e f i t s .  E r a s m u s  w i l l  h a v e  t o  p a y  
m o r e  F I C A  t a x e s  a t  B U  b e c a u s e  o f h i s  h i g h e r  i n c o m e ,  b u t  h e ' l l  a l s o  r e c e i v e  
h i g h e r  b e n e f i t s  o n c e  h e  r e t i r e s .  O f  c o u r s e  h i s  S o c i a l  S e c u r i t y  b e n e f i t s  m a y  
b e  s u b j e c t  t o  f e d e r a l  i n c o m e  t a x e s  d e p e n d i n g  o n  t h e  l e v e l  o f  h i s  o t h e r  
r e t i r e m e n t  i n c o m e .  
H e  r e a l i z e s  t h e  2 1 s t  c e n t u r y  h a s  c e r t a i n  a d v a n t a g e s ,  a n d  h e  f o l l o w e d  
t h e  w o r k  o f  B e l l m a n  i n  t h e  e a r l y  1 9 5 0 s .  S o  h e  d o w n l o a d e d  t h e  E S P l a n n e r  
c a l c u l a t o r  t o  h e l p  h i m  s o l v e  t h i s  i n c r e d i b l y  c o m p l e x  c a r e e r  d e c i s i o n .  H e  
e n t e r e d  h i s  s a l a r y ,  r e n t ,  a n d  r e t i r e m e n t  b e n e f i t s  r e l a t i v e  t o  e a c h  u n i v e r s i t y  
i n  t w o  d i f f e r e n t  p r o f i l e s  f o r  c o m p a r i s o n  ( o t h e r  t h a n  r e n t ,  h e  i g n o r e d  t h e  
r e l a t i v e l y  h i g h e r  c o s t  o f l i v i n g  i n  B o s t o n ) .  T h e  s o f t w a r e  c a l c u l a t e s  r e l a t e d  
s t a t e  a n d  f e d e r a l  t a x ,  t a k i n g  a c c o u n t ,  o f  c o u r s e ,  o f  t h e  p r e - r e t i r e m e n t  t a x  
D a n  R o y e r  
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advantages of the 403(b) plans. All told, his annual lifetime living standard 
while working at GVSU is $30,734. At BU it is $29,307. 
Contrary to his initial assumption, his GVSU job provides him a 
(slightly) higher living standard, despite his $18,000 lower annual salary. 
And this conclusion ignores the fact that his final living standard dollars 
will not go as far in Boston as they will in Grand Rapids because of the 
32.98% higher cost of living in Boston. 
Were he to teach up the road in Big Rapids where the retirement plan 
is not nearly so generous as at GVSU (a simple 3% match), Erasmus would 
enjoy a living standard of just $27,828, making the BU offer look much 
better. But as it now stands, BU will have to pony up another $3,050 (on 
top of the $81,700 they already offered!) in annual salary to make Erasmus 
an equivalent living standard as he has now at GVSU. 
Dynamic programming overcomes lots of"chicken and egg" or simul-
taneity problems. Income and taxes, for example, have a mutual influence: 
our income is impacted by taxes and taxes impact income. A larger labor 
income at BU will create a larger Social Security check in the future, which 
must be accounted for in the present by regulating saving now in anticipa-
tion of a different future tax burden. This is one example of the kind of 
"overlapping sub-problems" that dynamic programming solves. 
The Merely Meritorious: The Practical Meaning of a One-
percent Merit Raise. 
Each year we read Faculty Activity Reports and follow Faculty Handbook 
procedures in order to determine merit raises. Since I arrived at GVSU 
in 1995, the annual raises seem to have been between 3 and 6 percent. Of 
course, those are nominal raises. Since 1990, annual inflation has hovered 
at historically low levels-averaging under 3 percent per year. So let's 
assume that inflation is 3% and say our raises in real terms have been from 
0 to 3 percent. What then is the advantage to lifetime living standard to 
receive, say, (using nominal percentages), a 4 % "extra merit" raise in a 
given year rather than the standard 3 % merit raise? What does a one-
percent advantage mean in terms of sustainable, smooth, living standard 
over one's lifetime? 
Goodman Brown and Nick Adams, each 37 years old, joined the Eng-
lish Department at GVSU. They are making $50,000 in annual salary and 
doing well. But Adams' publication record has caught the department's 
eye, and he received an extra merit raise. This year it's 4% (nominal), just 
one-percent better than his colleague Brown received. It doesn't sound 
like much-just $500 more for next year bringing his salary to $50,500 for 
next year and every year thereafter measured in today's dollars assuming 
that future raises merely keep pace with 3% inflation. 
There are three tables 
showing three differe1 
ways for Brown to 
smooth (or not) his 
income. 
This first one 
illustrates a kind of 
no-planning approach 
We see his soK of 
income in today's 
dollars through age 
64. Medicare and 
consumption compris, 
his total spending. 
Spending plus taxes 
will equal his income. 
Since he is not saving 
(GVSU is saving 
12% for him) he has 
$37,983 to live on as 
discretionary spendin! 
Since there is only om 
in the household. his 
consumption and per-
adult living standard 
are the same. 
In retirement (age 
6sl he has $rg.446 of 
SS income, $10,740 in 
4o3(b) withdrawal. and 
some miscellaneous 
asset income. Taxes an 
not shown on this gric 
because of space. 
The bottom line is 
that we see his living 
standard drop 47% at 
age 65. 
Without saving some 
of his income, he's in 
big financial trouble rE 
years from now. 


N o w  a n d  L a t e r  
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H o w e v e r ,  t h i s  m e a n s  t h a t  A d a m s '  F i d e l i t y  a c c o u n t  i s  g o i n g  t o  r e c e i v e  
f u t u r e  d e p o s i t s  f r o m  t h e  U n i v e r s i t y  o f  $ 6 , 0 6 0  ( t o d a y ' s  d o l l a r s )  i n s t e a d  
o f  t h e  $ 6 , 0 0 0  t h a t  B r o w n  r e c e i v e s - a n d  t h a t  w i l l  c o n t i n u e  f o r  t h e  n e x t  
t w e n t y - e i g h t  y e a r s  o f  h i s  w o r k  l i f e . T h e s e  h i g h e r  e a r n i n g s  w i l l  c o s t  h i m  a n  
e x t r a  $ 4 0 . 0 0  a n n u a l l y  f o r  F I C A  t a x  a n d  h i s  F e d e r a l  a n d  S t a t e  t a x e s  w i l l  
b e  p r o g r e s s i v e l y  h i g h e r  e a c h  y e a r .  B u t  i f  a l l  t h i n g s  h o l d  s t e a d y ,  A d a m s  w i l l  
n o w  c o l l e c t  a n  a n n u a l  S o c i a l  S e c u r i t y  p a y m e n t  a t  6 5  o f  $ 1 8 , 8 7 9  w h e r e a s  
B r o w n  ( w h o  o d d l y  e n o u g h  h a s  t h e  e x a c t  s a m e  p r e - G  V S U  e a r n i n g s  h i s t o r y  
a s  A d a m s )  w i l l  r e c e i v e  $ 1 8 , 7 6 9 .  T h a t ' s  j u s t  a  l i t t l e  o v e r  $ 1 0 0  m o r e  e a c h  
y e a r .  B u t  t h e  F i d e l i t y  a c c o u n t  h a s  a l s o  b e e n  c o l l e c t i n g  m o r e  e a c h  y e a r  f r o m  
G V S U . T h e y  a r e  b o t h  p r o j e c t i n g  a  6 %  n o m i n a l  r a t e  o f  r e t u r n  o n  t h e i r  a s s e t s  
t h r o u g h o u t  t h e i r  e n t i r e  l i v e s .  B r o w n  w i l l  h a v e  a n  a n n u a l  w i t h d r a w a l  o f  
$ 1 1 , 2 2 3  ( t o d a y ' s  d o l l a r s )  b e g i n n i n g  a t  a g e  6 6  u n t i l  e v e r y  d o l l a r  i s  s p e n t  
a t  a g e  1 0 0 ;  A d a m s  w i l l  w i t h d r a w  $ 1 1 , 3 2 9 ,  s l i g h t l y  m o r e  e a c h  y e a r  f o r  t h e  
s a m e  t i m e  p e r i o d  b e c a u s e  o f  t h e  a d d e d  e m p l o y e r  c o n t r i b u t i o n s .  
S o  h o w  d o  w e  f i n a l l y  c o m p a r e  t h e  t w o  c a s e s ?  T h e  d y n a m i c  p r o g r a m -
m i n g  c a l c u l a t o r  i s  a b l e  t o  s m o o t h  t h e  l i v i n g  s t a n d a r d  t h r o u g h  a  s t r a t e g y  
o f  a n n u a l  s a v i n g  ( w i t h  i n t e r e s t )  a n d  w i t h d r a w  s o  t h a t  t h e  h i g h e s t  ( a n d  
s m o o t h e s t )  l i v i n g  s t a n d a r d  i s  c a l c u l a t e d  f o r  b o t h .  F o r  B r o w n ,  t h i s  b o t t o m  
l i n e  i s  a n  a n n u a l  l i v i n g  s t a n d a r d  o f  $ 2 9 , 6 4 3  a n d  f o r  A d a m s  i t  i s  $ 3 0 , 0 0 1 .  
T h i s  $ 3 5 8  ( i t  t r a n s l a t e s  t o  a  1 . 2 1 %  a n n u a l  l i v i n g  s t a n d a r d  a d v a n t a g e )  i s  
s u s t a i n e d  e v e r y  y e a r  f r o m  a g e  3 7  t o  l O O . T h a t  b o t t o m  l i n e  r e f l e c t s  a l l  t h e  
c u r r e n t  k n o w a b l e  v a r i a b l e s  s u c h  a s  f e d e r a l  a n d  M i c h i g a n  t a x  r a t e s ,  w h e t h e r  
o r  n o t  t h e y  c a n  i t e m i z e  d e d u c t i o n s ,  t a x  o n  S o c i a l  S e c u r i t y  ( i f  a p p l i c a b l e ) ,  
4 0 3 ( b )  t a x a b l e  w i t h d r a w a l s  g i v e n  t h e  s p e c i f i c  t a x  b r a c k e t  o f  e a c h ,  e t c .  
S o  a s  n o t  t o  f a l l  b e h i n d ,  B r o w n  d e c i d e s  t o  t e a c h  a  s u m m e r  c l a s s .  G i v e n  
t h a t  G V S U  w i l l  p a y  h i m  1 2 . 5 %  o f  h i s  b a s e ,  h e  t h i n k s  t h i s  s h o u l d  d o  t h e  
t r i c k .  I t  w i l l  b o o s t  h i s  F I C A  c o n t r i b u t i o n ,  b u t  n o t  h i s  F i d e l i t y  c o n t r i b u -
t i o n  ( h i s  c h o i c e ) .  W h a t ' s  t h e  o u t c o m e ?  A f t e r  t e a c h i n g  o n e  s u m m e r  c o u r s e ,  
h i s  l i f e t i m e  l i v i n g  s t a n d a r d  r i s e s  t o  $ 2 9 , m . T h a t ' s  n o t  e n o u g h  ( r e m e m -
b e r ,  A d a m s  i s  a t  $ 3 0 , 0 0 1  a f t e r  h i s  1 %  r a i s e ) ,  s o  B r o w n  t e a c h e s  t h e  n e x t  
s u m m e r  a g a i n .  T h a t  d i d  t h e  t r i c k :  n o w  h e ' s  g o t  a n  a n n u a l  l i v i n g  s t a n d a r d  
o f  $ 2 9 , 8 7 8 - a l m o s t  e q u a l  t o  A d a m s .  
B e f o r e  w e  l e a v e  B r o w n  a n d  A d a m s ,  t h e i r  c a s e  o f f e r s  a  c o n v e n i e n t  w a y  t o  
u n d e r s t a n d  t w o  k e y  c o n c e p t s  m a d e  p o s s i b l e  b y  d y n a m i c  p r o g r a m m i n g :  
c o n s u m p t i o n  s m o o t h i n g  a n d  o p t i m i z a t i o n .  
1 .  S p e n d  E v e r y t h i n g  N o w ,  S m o o t h  C o n s u m p t i o n  L a t e r  
T h i s  a p p r o a c h  i s  p e r h a p s  e v e r y o n e ' s  d e f a u l t  p o s i t i o n .  I f  B r o w n  s p e n d s  
e v e r y t h i n g  h e ' s  g o t ,  h e ' l l  h a v e  $ 3 8 , 0 0 6  t o  s p e n d  u n t i l  h e  r e a c h e s  a g e  6 5 .  
W e  c a n  s m o o t h  h i s  c o n s u m p t i o n  f r o m  t h a t  p o i n t  o n ,  a n d  w i t h  r e t i r e m e n t  
a n d  S o c i a l  S e c u r i t y ,  h i s  l i v i n g  s t a n d a r d  w i l l  d r o p  t o  $ 2 0 , 1 9 5 . 1 h a t ' s  a  4 7 9 n  
d r o p  i n  l i v i n g  s t a n d a r d  a t  a g e  6 5 .  O f  c o u r s e  t h i s  i s  w h y  w e  s a v e .  
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> r s ) .  T h e  m a i n  p o i n t  h e r e  
n u m b e r s  a r e  r e p o r t e d  i n  
> e  i s  g r a d u a l l y  p a y i n g  o f f  
s a n d  i n s u r a n c e )  d o e s  n o t  
q m i u m s  h a v e  h i s t o r i c a l l y  
i s  3 %  r e a l  ( 6 %  n o m i n a l )  
' h e  a n n u a l 1 2 K  t h e y  a r e  
a b o u t  t a k i n g  e i t h e r  1 2 K  
F e t i m e  l i v i n g  s t a n d a r d .  
B  p r e m i u m s ,  i n f l a t i o n ,  f i x e d  m o r t g a g e  p a y m e n t s ,  c h i l d r e n  b e i n g  b o r n  a n d  
l e a v i n g  t h e  h o m e ,  a n d  o t h e r  s p e c i a l  r e c e i p t s  a n d  e x p e n d i t u r e s .  
R a i s e  t h e  B a s e  o r  T a k e  t h e  S t i p e n d ?  
W h e n  I  b e c a m e  d e p a r t m e n t  C h a i r  f o u r  y e a r s  a g o ,  t h e  u n i v e r s i t y  h a d  j u s t  
s t o p p e d  g i v i n g  r a i s e s  t o  t h e  b a s e  s a l a r y  a n d  m o v e d  i n s t e a d  t o  a  s t i p e n d  
p a y m e n t  t o  c o m p e n s a t e  u n i t  h e a d s .  I ' v e  a l w a y s  f i g u r e d  t h i s  w a s  t o  t h e  
U n i v e r s i t y ' s  a d v a n t a g e ,  b u t  w i t h o u t  d y n a m i c  p r o g r a m m i n g ,  i t ' s  v i r t u a l l y  
i m p o s s i b l e  t o  t r a c k  t h e  i m p l i c a t i o n s  f o r  r e t i r e m e n t ,  s t a t e  a n d  f e d e r a l  t a x e s ,  
F I C A  t a x e s ,  S o c i a l  S e c u r i t y ,  a n d  t h e n  b a c k  t h r o u g h  t h e s e  i m p l i c a t i o n s  
t o  s m o o t h e s t  p o s s i b l e  l i v i n g  s t a n d a r d  s o  t h a t  a  f a i r  c o m p a r i s o n  c a n  b e  
m a d e  e v i d e n t .  
B i l l  i s  4 8  y e a r s  o l d .  H e  m a k e s  $ 6 5 , 0 0 0  a n d  t a k e s  t h e  1 2 %  4 0 3 ( b )  
e m p l o y e r  c o n t r i b u t i o n  a n d  a l s o  c o n t r i b u t e s  7 K  t o  t h e  4 0 3 ( b )  o n  h i s  o w n .  
H e  h a s  a c c u m u l a t e d  $ 2 0 0 , 0 0 0  i n  h i s  F i d e l i t y  4 0 3 ( b )  a c c o u n t  a n d  h a s  
$ 2 0 , 0 0 0  i n  r e g u l a r  a s s e t s .  H e  h a s  a  1 5 0 K  t h i r t y - y e a r  m o r t g a g e .  H i s  c u r r e n t  
l i f e t i m e  l i v i n g  s t a n d a r d  i s  $ 3 2 , 0 6 6  i n  t o d a y ' s  d o l l a r s .  
H e  h a s  b e e n  o f f e r e d  a  1 2 K  a n n u a l  s t i p e n d  e a c h  y e a r  i f  h e  a g r e e s  t o  d o  
a d m i n i s t r a t i v e  w o r k  o v e r  t h e  t w e l v e  m o n t h s .  T h e  u n i v e r s i t y  d o e s  n o t  a d j u s t  
f o r  i n f l a t i o n ,  s o  a t  t h e  e n d  o f  h i s  s i x - y e a r  p e r i o d  ( i n  2 0 1 4 ) ,  t h e  a m o u n t  w i l l  
e r o d e  t o  $ 1 0 , 3 5 1  i n  t o d a y ' s  d o l l a r s .  W i t h  t h i s  a r r a n g e m e n t - i f h e  c o m p l e t e s  
s i x - y e a r s  o f  s e r v i c e  a s  u n i t  h e a d - h e  w i l l  h a v e  a  l i v i n g  s t a n d a r d  o f $ 3 4 , 6 2 2  
e v e r y  y e a r  f r o m  a g e  4 7  t h r o u g h  1 0 0 - a n  8 o / o  b e t t e r  l i v i n g  s t a n d a r d  o v e r  
n o t  d o i n g  t h e  C h a i r  w o r k .  
O r  t o  p u t  t h i n g s  d i f f e r e n t l y ,  i f  i n s t e a d  h e  w e r e  t o  g e t  a  9 o / o  n o m i n a l  
r a i s e  t o  h i s  b a s e  s a l a r y ,  h e  w o u l d  a l s o  g e t  a  c o r r e s p o n d i n g  r a i s e  i n  o n g o i n g  
e m p l o y e r  4 0 3 ( b )  c o n t r i b u t i o n s  r e l a t i v e  t o  t h e  n e w  b a s e  s a l a r y .  T h i s ,  a l o n g  
w i t h  t h e  g r e a t e r  c o n t r i b u t i o n  t o  F I C A  ( S o c i a l  S e c u r i t y )  a n d  t h e  i m p r o v e d  
S o c i a l  S e c u r i t y  a t  6 5 ,  w o u l d  p r o d u c e  l i v i n g  s t a n d a r d  s l i g h t l y  b e t t e r  t h a n  
t h e  s i x - y e a r ,  1 2 K  s t i p e n d - i . e . ,  a  l i v i n g  s t a n d a r d  o f $ 3 4 , 7 7 0  ( c o m p a r e d  t o  
$ 3 4 , 6 2 2 ) .  K e e p  i n  m i n d  t h i s  i s  a  6 o / o  r e a l  r a i s e ,  e q u i v a l e n t  t o  a  9 o / o  n o m i n a l  
r a i s e  ( w h i c h  i s  h o w  o u r  r a i s e s  a r e  n o r m a l l y  r e p o r t e d ) .  
W o u l d  t h e  u n i v e r s i t y  g i v e  h i m  a  o n e - t i m e  p e r m a n e n t  9 o / o  r a i s e  t o  h i s  
b a s e  s a l a r y  i n s t e a d  o f  a  1 2 K  a n n u a l  s t i p e n d  f o r  s i x  y e a r s  ( i n  g r a d u a l l y  
i n f l a t i o n - e r o d e d  d o l l a r s ) ?  I f  s o ,  h e  c o u l d  t a k e  i t  k n o w i n g  t h a t  h e  w o u l d  
b e  d o i n g  s l i g h t l y  b e t t e r  t h a n  t h e  1 2 K  s t i p e n d .  
I f  h e  d e c i d e s  i n s t e a d  t h a t  h e  w a n t s  t o  s e r v e  a s  C h a i r  f o r  j u s t  a  t h r e e -
y e a r  p e r i o d ,  h i s  l i v i n g  s t a n d a r d  b e c o m e s  $ 3 4 , 0 4 7 ,  a  6 . 1 8 %  l i v i n g  s t a n d a r d  
i m p r o v e m e n t  c o m p a r e d  t o  n o t  s e r v i n g  a s  C h a i r .  I n  t h i s  c a s e ,  t h e  e q u i v a l e n t  
r a i s e  i n  b a s e  p a y  i s  3 o / o  r e a l  (  6 o / o  n o m i n a l )  w h i c h  p r o v i d e s  h i m  a  l i v i n g  
s t a n d a r d  o f  $ 3 4 , 0 4 7 ,  a  p e r f e c t  l i v i n g  s t a n d a r d  m a t c h  t o  t h e  a n n u a l  1 2 K  
t h e y  a r e  o f f e r i n g  h i m .  I f  h e  i s  a s k e d  t o  s e r v e  a s  c h a i r  f o r  t h r e e  y e a r s ,  h e  
D a n  R o y e r  
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can feel fine about taking either 12K per year for three years or a 6% one-
time nominal raise. 
The fifty-two year trajectory on these two options is worth compar-
ing since the yield exactly the same living standard. They are presented 
on the next page. 
The Cost of Early Retirement 
Gina Posada is 56 years old, and she just received her 20-year pin at GVSU. 
She'd like to know what it would cost to retire early. Her husband also 
works at G VSU in Accounting. She earns 70K; her spouse is the same age 
and earns 40K per year. Together, they have 325K in a 403(b). They both 
receive the 12% employer contribution and they each contribute 6% of 
their own to the 403(b) and $3,700 each per year in a ROTH. We assume 
3% inflation every year and that their regular and retirement assets earn a 
steady 8% nominal return. They own a home with 17 years remaining on 
the $lOOK loan balance. They have no children and are unaware of any 
special expenses or receipts in their future. They want to maintain their 
current living standard their entire life if possible. This baseline household 
living standard (i.e. consumption) is $55,676. 
What's the cost of an extra year of retirement? That is, how much 
will household living standard drop (now and in the future) if she makes 
age 63, rather than age 64 the last year of work? This seems like a simple 
question until you try to do the math. Consider the following complexities 
if Gina retires just one year early: 
1. With no labor income, Gina will pay less federal, state, and FICA 
at age 64, but because she'll have to save more leading up to age 64, 
she'll have to pay extra tax on that asset income. 
2. One year's less labor earnings could impact Social Security income 
at 65 by a little or a lot-this will need to be calculated and its impact 
understood, not only from 65 on, but because we are smoothing living 
standard, also its impact from 56 through 64. 
3. Retiring a year early means one less year of 12% contributions 
from GVSU, which, like Social Security, will be felt every year into 
the future. 
4. With a lower future living standard, she'll need less life insur-
ance, which means lower premiums, which means a higher living 
standard ... you get the idea: consumption smoothing alone requires 
dynamic programing-add these contingencies and the complexity 
compounds. 
Dynamic programming software solves the problem in seconds. Gina's 
household can spend $55,676 annually from age 56-100, and 4.97% less 
($52,910 per year) if she only works through age 63 instead of 64. 
Is this a lot? A little 
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r e e  y e a r s  o r  a  6 %  o n e -
) n s  i s  w o r t h  c o m p a r -
d .  T h e y  a r e  p r e s e n t e d  
2 0 - y e a r  p i n  a t  G V S U .  
r l y .  H e r  h u s b a n d  a l s o  
; p a u s e  i s  t h e  s a m e  a g e  
n  a  4 0 3 ( b ) . T h e y  b o t h  
a c h  c o n t r i b u t e  6 %  o f  
a  R O T H .  W e  a s s u m e  
t i r e m e n t  a s s e t s  e a r n  a  
1 7  y e a r s  r e m a i n i n g  o n  
d  a r e  u n a w a r e  o f  a n y  
· a n t  t o  m a i n t a i n  t h e i r  
1 i s  b a s e l i n e  h o u s e h o l d  
?  T h a t  i s ,  h o w  m u c h  
e  f u t u r e )  i f  s h e  m a k e s  
i s  s e e m s  l i k e  a  s i m p l e  
a l l o w i n g  c o m p l e x i t i e s  
a l ,  s t a t e ,  a n d  F I C A  
1 d i n g  u p  t o  a g e  6 4 ,  
t a l  S e c u r i t y  i n c o m e  
a t e d  a n d  i t s  i m p a c t  
: e  s m o o t h i n g  l i v i n g  
1 2 %  c o n t r i b u t i o n s  
f e l t  e v e r y  y e a r  i n t o  
~ed l e s s  l i f e  i n s u r -
m s  a  h i g h e r  l i v i n g  
h i n g  a l o n e  r e q u i r e s  
m d  t h e  c o m p l e x i t y  
l e m  i n  s e c o n d s .  G i n a ' s  
6 - 1 0 0 ,  a n d  4 . 9 7 %  l e s s  
;  i n s t e a d  o f  6 4 .  
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I s  t h i s  a  l o t ?  A  l i t t l e ?  G i n a  w i l l  h a v e  t o  d e c i d e .  B u t  p r e s e n t e d  t h i s  w a y  
i s  a  f a r  d i f f e r e n t  p r o p o s i t i o n  t h a n  s i m p l y  i m a g i n i n g  a  l o s s  o f  $ 7 0 , 0 0 0  f o r  
a  s i n g l e  y e a r  a n d  g u e s s i n g  a b o u t  h o w  t h a t  m i g h t  w o r k  o u t .  
L e t ' s  e x p l o r e  t h i s  c a s e  a  b i t  m o r e .  
I f  t h e y  b o t h  w o r k  t h r o u g h  a g e  6 4  a n d  b e g i n  t a k i n g  S o c i a l  S e c u r i t y  a t  
6 5 ,  t h e i r  a n n u a l  h o u s e h o l d  l i v i n g  s t a n d a r d  i s ,  a s  p o i n t e d  o u t  a b o v e ,  a  s t e a d y  
$ 5 5 , 6 7 6  f r o m  t h e i r  c u r r e n t  a g e  5 6  t h r o u g h  1 0 0 .  T h i s  i s  a  s m o o t h  l i v i n g  
s t a n d a r d  t h r o u g h o u t  t h e i r  l i f e .  N o w  w h a t  a b o u t  e a r l y  r e t i r e m e n t ?  
I f  G i n a  b e g i n s  r e t i r e m e n t  a t  6 0 ,  d i s c o n t i n u e s  h e r  R O T H  c o n t r i b u t i o n s  
n o w  a n d  h e r  e m p l o y e r  a n d  i n d i v i d u a l  c o n t r i b u t i o n s  a t  6 0 ,  h e r  h o u s e h o l d ' s  
l i v i n g  s t a n d a r d  b e c o m e s  $ 4 4 , 5 2 9  a t  a g e  5 6  a n d  b e y o n d .  T h i s  i s  d o w n  $ 1 1 , 1 4 7  
a n n u a l l y ,  o r  2 0 % .  
P e r h a p s  t h a t ' s  a  b i g g e r  l i f e t i m e  h i t  t h a n  s h e  w a n t s  t o  t a k e .  I f ,  h o w e v e r ,  
s h e  d e c i d e s  t o  w o r k  a t  t h e  u n i v e r s i t y  p a r t  t i m e  ( 5 - y e a r  p h a s e d  r e t i r e m e n t  
f r o m  6 0 - 6 5 ) ,  t a k e  h a l f  h e r  s a l a r y  a n d  j u s t  h a l f  o f  t h e  e m p l o y e r  4 0 3 ( b )  
c o n t r i b u t i o n  a n d  a d j u s t  i n d i v i d u a l  c o n t r i b u t i o n s  t o  6 %  a s  w e l l  a s  d i s -
c o n t i n u e  h e r  R O T H  c o n t r i b u t i o n ,  h e r  h o u s e h o l d  l i v i n g  s t a n d a r d  w o u l d  
d r o p  b y  $ 8 , 1 4 0  p r i o r  t o  f u l l  r e t i r e m e n t  a n d  b y  $ 6 , 2 4 6  a f t e r  f u l l  r e t i r e m e n t  
t h r o u g h  a g e  1 0 0 .  
I
n  a l l  o f  t h e s e  i l l u s t r a t i o n s ,  w e  c a n  s e e  d y n a m i c  p r o g r a m m i n g  a t  w o r k .  
A f t e r  a n  a n a l y s i s  o f  m a n y  d i f f e r e n t  t y p e s  o f  d y n a m i c  p r o g r a m m i n g  
m o d e l s ,  B e l l m a n  c o n c l u d e d :  
A n  i n t e r e s t i n g  f a c t  t h a t  e m e r g e d  f r o m  t h i s  d e t a i l e d  s c r u t i n y  w a s  t h a t  
t h e  w a y  o n e  u t i l i z e d  r e s o u r c e s  d e p e n d e d  c r i t i c a l l y  u p o n  t h e  l e v e l  o f  
t h e s e  r e s o u r c e s ,  a n d  t h e  t i m e  r e m a i n i n g  i n  t h e  p r o c e s s  . . . .  A  s o l u t i o n  
i s  n o t  m e r e l y  a  s e t  o f  f u n c t i o n s  o f  t i m e ,  o r  a  s e t  o f  n u m b e r s ,  b u t  a  r u l e  
t e l l i n g  t h e  d e c i s i o n  m a k e r  w h a t  t o  d o :  a  p o l i c y .  ( 1 8 0 )  
T h i s  i s  t h e  h e a r t  o f  d y n a m i c  p r o g r a m m i n g ,  a n d  i t ' s  e a s y  t o  s e e  w h y  
i t s  a p p l i c a t i o n  t o  p e r s o n a l  f i n a n c i a l  e c o n o m i c s  i s  r e l e v a n t ,  y e t  d i f f i c u l t  t o  
u n d e r s t a n d  w h y  t h e r e ' s  b u t  o n e  c o m m e r c i a l  s o f t w a r e  p r o g r a m  d e s i g n e d  
t o  m a k e  t h i s  s p e c i f i c  a p p l i c a t i o n .  B u t  t o  t e m p e r  t h i s  c r i t i c i s m ,  I  s h o u l d  
p o i n t  o u t  t h a t  B e l l m a n  s a y s  t h a t  i t  t o o k  h i m  s e v e r a l  y e a r s  t o  u n d e r s t a n d  
t h e  r e l e v a n c e  o f h i s  o w n  d i s c o v e r i e s .  " S c i e n t i f i c  d e v e l o p m e n t s  c a n  a l w a y s  b e  
m a d e  l o g i c a l  a n d  r a t i o n a l  w i t h  s u f f i c i e n t  h i n d s i g h t .  I t  i s  a m a z i n g ,  h o w e v e r ,  
h o w  c l o u d e d  t h e  c r y s t a l  b a l l  l o o k s  b e f o r e h a n d .  W e  a l l  w e a r  s u c h  i n t e l l e c t u a l  
b l i n d e r s  a n d  m a k e  s u c h  i n e x p l i c a b l e  b l u n d e r s  t h a t  i t  i s  a m a z i n g  t h a t  a n y  
p r o g r e s s  i s  m a d e  a t  a l l "  ( 1 8 2 ) .  
T h e  R A N D  C o r p o r a t i o n  o f f e r s  a n  o n l i n e  a r c h i v e  o f  h u n d r e d s  o f  
B e l l m a n ' s  a r t i c l e s  a n d  m o n o g r a p h s .  T h e  t i t l e s  i n d i c a t e  t h a t  h i s  i d e a s  w e r e  
a p p l i c a b l e  t o  e v e r y t h i n g  f r o m  g a m i n g  t h e o r y  t o  s a t e l l i t e  g u i d a n c e  s y s t e m s .  
B e l l m a n  h a d  t o  d i s g u i s e  t h e  f a c t  t h a t  h e  w a s  d o i n g  m a t h  r e s e a r c h  a n d  
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theory within the RAND Corporation because then SecretaryofDefense 
Charles Wilson loathed "research."Yet he knew his dynamic programming 
equations would pay long-term dividends. Repeating Rust's comment in 
the Palgrave Dictionary of Economics, dynamic programming "is now 
widely regarded as the single most important tool in economics." It's not 
surprising that its application fits so well with retirement planning, for life-
cycle planning or retirement planning is, if nothing else, about sequential 
decision -making under uncertainty. It would seem that dynamic program-
ming was designed specifically for this real world application. 
For Bellman, applied mathematics was more challenging than theo-
retical math, and he was eager to make this point among his colleagues. 
The modern world, he felt, was a great heuristic that could open entirely 
new domains of mathematics. His inventive nature seemed to thrive on 
the openness he envisioned. A colleague once complained that dynamic 
programming lacked rigor. Bellman reportedly replied, "Of course not. It's 
not even precise. A good principle should guide the intuition" (174). The 
economic planning calculator used to solve the puzzles presented above is 
incredibly precise, yet it also engages the user in an intuitive and somewhat 
imaginative act. It's in the nature of a personal economy to be open-ended 
with multiple solutions to any one problem. Other people might use 
the calculator to find optimization strategies relevant to the questions 
presented above that are different from what I imagined. However, it 
seems to me that the program does indeed guide the intuition of even 
the beginning user. And although I don't claim to understand the math 
behind it, my hunch is that the experience of using Kotlikoff's calculator 
is somehow isomorphic to Bellman's dynamic program algorithms that 
make it work. 
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